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ABSTRACT 
 
Title of Dissertation: A New Approach for Turkish Ports to Reduce Ship 
Emissions, Case Study: Application of Cold Ironing 
System for Marport Container Terminal with 
Investment Analysis 
Degree:       MSc 
Maritime transport is the most environmentally friendly type of transport mode. 
However, air pollution and greenhouse gases from ship emissions are increasing 
because of the growing maritime traffic. These exhaust emissions cause global 
warming, acid rain and a reduction in air quality which has serious adverse effects on 
human health.  
Particularly as a specialized agency of the United Nations with responsibility for the 
safety and security of shipping and the prevention of marine pollution by ships, 
International Maritime Organization has dealt with reducing ship emissions on a 
global basis by adapting “The Regulations for the Prevention of Air Pollution from 
Ships” as Annex VI of Marpol Convention in 1997. Turkey has also ratified Annex 
VI on 26
th
 February 2013, and in accordance with Annex VI, the Turkish Maritime 
Authority is planning to establish an Emission Control Area (ECA), which will cover 
probably the Sea of Marmara and Turkish Straits.  These areas are placed in the 
centre of the global trade routes between the Mediterranean Sea and the Black Sea 
and have coasts with very crowded cities which have growing economies. Nearly 
50,000 ships are passing through the Turkish Straits every year. These straits are 
surrounded by inhabited areas with almost 20 million people. 
On the other hand, according to the latest revision of the Turkish Regulation on 
Reduction of Sulphur Rate in Some Types of Fuel Oils, inland vessels and all the 
vessels at berth, regardless of their flag, are obliged to use marine fuels with sulphur 
content not more than 0.1% by mass, by 1st of January 2012. So vessels are not 
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allowed to consume any fuel oil containing more than 0.1% sulphur during port 
activities in the Marmara Sea.   
During the last two decades, different technologies have been tested in ports in order 
to reduce ship emissions. One of them is known as the cold ironing system which 
provides ships to use shore-side electricity as onshore electric power supply instead 
of working auxiliary engines while ships are lifting at berth. In this system, emission 
from ships during berthing are completely eliminated by using electrical power from 
national grid as alternative energy source rather than fuel oils which are necessary for 
combustion process in auxiliary engines to generate electricity. 
To sum up, this study will discuss the cold ironing system as the most economically 
and environmentally friendly solution on the reduction of ship emissions from the 
aspect of Turkish port operators while ships are at berth based on a case study for 
Marport Container Terminal, which is the biggest private container port in the Sea of 
Marmara. In the case study, by using data of ships calling Marport within 2012, the 
total emission from ships, environment impact of the emissions on air quality and 
climate change, and externalities on health costs and others have been discussed. 
From the financial side, investment costs of cold ironing systems for container ports 
have been analysed with the investment return period by using the Net Present Value 
method. 
 
 
KEY WORDS: MARPOL Annex VI, cold ironing, Turkey, Marport, investment 
analysis, Net Present Value, ship emissions, externalities of air pollution, health costs 
of air pollution, greenhouse gases, alternative maritime power, shore-side electricity. 
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I. INTRODUCTION 
 
1.1. Background of Study 
Even though maritime transport has been known as the most environmentally 
friendly type of transport among other modes, air pollution and climate quality 
caused by ship emissions is increasing in a significant amount as a result of the 
growing maritime traffic. Greenhouse gases and air pollutants from exhaust 
emissions from ships can lead to global warming, acid rain and a reduction in air 
quality which has serious adverse effects on human health.  
In order to reduce and limit emissions released from ships and set an efficient control 
system on this subject, not only national but also international measures have been 
taken by authorized organizations and unions putting voluntary and compulsory rules 
by conventions and regulations. For instance, Annex VI of the MARPOL Convention 
is known as the most principal legislation on ship emissions and composed by 
International Maritime Organization (IMO) under United Nations (UN). 
Turkey has also ratified Annex VI on 26
th
 February 2013. Since The Marmara 
Region of Turkey has a very strategic location within the global trade routes as well 
as the dynamism of coastal cities’ growing economies which is contributing 
considerably maritime traffic over years, the Turkish Maritime Authority is planning 
to establish an Emission Control Area (ECA) in there and in accordance with 
Regulations under Annex VI in the near future. This ECA will probably cover the 
Sea of Marmara and Turkish Straits. Around 50.000 ships are passing through the 
Turkish Straits every year. These straits are surrounded by inhabited areas with 
nearly 20 million people (Ministry of Transport, 2012). 
Under the EU harmonization process, Turkey has conducted “the European Union 
IPA Twinning Project for the Control of Ship-Sourced Emissions” in Turkey to 
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control emissions in the long term. The project is supporting to establish an ECA in 
the Sea of Marmara and Turkish Straits, and will be completed within 2 years. 
After establishing ECA in Turkey, all ships passing the Sea of Marmara and Turkish 
Straits are obliged to consume lower sulphur content fuels, or use an alternative 
technology or methods in order to reduce the SOx, NOx and PM emissions according 
to limits as defined in Annex VI of Marpol.  
With regard to port facilities in Turkey, all ships at berth, regardless of their flag, 
should consume marine fuels with sulphur content not more than 0.1% by mass, 
since 1
st
 January 2012 according to rules of current legislation, namely “Regulation 
on Reduction of Sulphur Rate in Some Types of Fuel Oils”  
Since new regulations and environmental pressure from community increasingly 
affect to the shipping industry as not only ship operators but also port operators, they 
are in search of alternative solutions to reduce ship emissions during cruising, 
manoeuvring and hotelling periods. However, it is not easy to investigate all periods 
in the same study in detail. Therefore, in accordance with recent conjecture and 
maritime sector requirements in Turkey, ship emissions discharged into the 
atmosphere only during hotelling periods will be investigated by comparing 
alternative solutions to reduce the emissions. 
During the last 20 years, different technologies are tested in ports world-wide to 
reduce ship emissions. One of them is known as the cold ironing system which 
provides ships to use shore-side electricity as onshore electric power supply instead 
of working auxiliary engines while ships are lifting at berth. In this system, emissions 
from ships during berthing are whole eliminated by using electrical power from 
national grids as alternative energy source rather than fuel oils, which are necessary 
for the combustion process in auxiliary engine to generate electricity. 
As a result, this study will discuss the cold ironing system as the most economically 
and environmentally friendly solution for the reduction of ship emissions from the 
aspect of Turkish port operators while ships are at berth. 
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1.2. Problem Statement and Objectives 
The problem statement of this study can be expressed by two questions: What are the 
impacts of national and international legislations about the reduction of ship 
emissions on Turkish ports? and What is the best logical solution from the side of 
port operators?  
This study has some objectives. The first one is to find the total adverse effects of 
ship emissions on the environment and human health in Turkey. The second one is to 
reveal external costs caused by health problems, and air pollution affecting the 
environment because of ship emissions. The last one is to estimate a rational 
investment cost for onshore electric power supply (cold ironing system) to ships in 
order to reduce exhaust emissions caused by auxiliary engines while ships are 
hotelling at berths by analysing the investment from the perspective of Turkish port 
facilities with all. 
In the light of problem statement and objectives, this study will examine whether 
cold ironing applications are feasible for the Turkish port sector or not. This 
approach can also be accepted as the main aim of the study. 
1.3. Methodological Approaches and Limitations 
The research methodology consisted in literature reviews of previous studies and 
similar case studies. Quantitative analysis is another method which was necessary to 
calculate ship emissions and their externalities.  Further, the Net Present Value 
method was chosen as the most appropriate methodology to make investment 
analysis.  
Boundaries of this study have been defined as follows; 
 Regarding calculation of ship emissions, only the time in hotelling at berth is 
considered, and the time related to cruising and manoeuvring is ignored. 
4 
 
 Investments cover only to the necessary constructions and instalments of 
abatement technology of ship emissions in port facilities, and do not cover 
any retrofit or modification for ships.  
 Abatement technologies and alternative fuels are investigated only for 
auxiliary engines of ships to reduce emissions 
 Financial values are based on the average figures in 2012. 
1.4. Structure of Study 
This study is structured as follows: 
 Chapter 2 reviews current legal structures and framework on the topic of 
reduction of ship emissions within international, regional and national 
legislations.  
 Chapter 3 investigates possible technologies and alternative fuels in the 
maritime sector to abate ship emissions caused by auxiliary engines while 
ships are at berth.  
 Chapter 4 examines how to apply the cold ironing system in port facilities. 
 Chapter 5 gives a price comparison if the onshore electric power which has 
been generated in Turkish power plants is preferred instead of low sulphur 
marine gas oil by shutting off auxiliary engines and not consuming fuel more. 
 Chapter 6 shows the bad impacts of ship emissions on the environment and 
human health, and also there is a calculation for external costs of ship 
emissions. It aims to calculate how much cost occurred when people have 
health problem caused by air pollution.  
 Chapter 7 includes a case study of the cold ironing system application with all 
aspects for the port of Marport Container Terminal, which is located in 
Istanbul and on the coasts of Marmara Sea. Chapter 7 also contains an 
investment analysis for the cold ironing system based on the Net Present 
Value method. 
 Conclusion is set out in Chapter 8. 
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II. LEGAL AND REGULATORY FRAMEWORK 
 
2.1. International Regulations by IMO 
Historical background of the discussions for air pollutions caused by ships started in 
the 1970s. Firstly, exhaust gases released from ships to air was discussed in 1973 
when the International Convention for the Prevention of Pollution from Ships 
(MARPOL) was adopted by International Maritime Organization (IMO) as a United 
Nations (UN) specialized agency with responsibility for the safety and security of 
shipping and the prevention of marine pollution by ships. However, no regulations 
related to ship emissions were included to the MARPOL Convention at that time 
(www.imo.org).   
Meanwhile, discussions on air pollution have continued in different platforms. In 
1972, an important international conference by the UN on the human environment 
was held in Stockholm. The conference resulted in an active international 
cooperation in fighting with acidification or acid rain because a number of studies 
have shown that air pollutants can move thousand kilometres far away and damage 
not only crops and forests but also human health (Percival, 2011). 
The main reason for the formation of acid rain is the effect of Sulphur Dioxides 
(SO2) and Nitrogen Oxides (NOx) in air space. Power plants are known as the major 
source of SO2 and other air pollutants due to the combustion of huge amounts of coal 
and oil to generate electricity. In addition to these plants, motor vehicles mainly 
ships, trains and cars are other main sources of noxious gases especially for NOx 
released from their exhausts. 
In 1979, the Convention on Long-range Trans-boundary Air Pollution was signed by 
34 states and the European Union in Geneva. That was the first legal basis for an 
international instrument to cope with air pollution problems.  
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Because of the effects of international conjecture and the pressure of environmental 
organisations, IMO began to work on air pollution by examining the fuel oil qualities 
under the MARPOL Annex I. This issue addressed air pollution to be discussed 
again in the meetings of the Marine Environment Protection Committee (MEPC) 
during1980s. In response to response air pollutions caused by exhaust emissions 
from ship engines, IMO as the highest responsible institute authorised for the 
activities of ships worldwide issued a new Annex numbered VI added to the 
MARPOL Convention in 1997. However, Annex VI entered into force 9 years later 
in 2005, and it was revised with narrowed emissions limits in 2008 and entered into 
force in 2010 (www.imo.org). 
The Regulations for the Prevention of Air Pollution from Ships (MARPOL Annex 
VI) aim to abate exhaust emissions from ships in order to reduce air pollution on a 
global basis and prevent negative effects on the environment and human health. To 
achieve the aforementioned aim, Annex VI sets the some limits for SOx, NOx 
emissions and prohibits ozone depleting substances (ODS). 
Annex VI also allows the member states to establish special Emission Control Areas 
(ECA) in their territorial waters including exclusive economic zones for more strict 
controls on ship emissions. Herewith, some details of regulations under the Annex 
VI of MARPOL will be summarised in this study to clarify the rules of limitations on 
ship emissions. 
2.1.1. MARPOL Annex VI Regulation 12 - Ozone Depleting Substances (ODS) 
ODS consist of chlorofluorocarbons (CFC) and halons which can be used in 
refrigeration, fire-fighting systems and in some insulation foams (Jamaly, 2012). 
Regulation 12 prohibits system or equipment containing CFC or halons to be 
installed on ships after 2005 and do not allow the new installation after 2005 on 
existing ships. However, if the current installations contain hydro-
chlorofluorocarbons (HCFC), these installations are permitted to be used until 1 
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January 2020. On the other hand, discharge of ODS into the atmosphere has 
definitely been prohibited (IMO MEPC.176 (58), 2008). 
In addition, if ships have any ODS containing systems or equipment, they should 
have an IAPP Certificate and ODS Record Book for any related supply, recharging, 
and repair, discharge or disposal operations.  
2.1.2. MARPOL Annex VI Regulation 13 - Nitrogen Oxides (NOx) 
Regulation 13 sets to limit NOx emissions by a control mechanism, namely Tiers. 
These limits are only applied to ships equipped with diesel engines which have an 
output power over 130 kW, and depending on maximum operating speed of the 
engine (n, rpm) as shown in Table 2.1 and illustrated in Figure 2.1. 
Table 2.1 MARPOL Annex VI NOx Emission Limits 
NO DATE 
NOx LIMITS (g/kWh) 
n < 130 130  ≤ n < 2000 2000 ≤ n 
TIER 1 2000 17.0 45 * n-0.2 9.8 
TIER 2 2011 14.4 44 * n-0.23 7.7 
TIER 3 20161 3.4 9 * n-0.2 1.96 
(
1 
In NOx Emission Control Areas (Tier II standards apply outside ECAs). 
 
Figure 2.1 MARPOL Annex VI NOx Emission Limits 
Source: Retrieved from http://www.dieselnet.com/standards/inter/imo.php#tab1 
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According to Regulation 13, limits of Tier-I and II have been applied globally while 
the Tier III rules are applied only for the ships in ECAs specialised to NOx (Kilpinen, 
2010). 
The emission limits for diesel engines have been determined in accordance with the 
NOx Technical Code 2008 in the case of Tier-II and Tier-III.  Most of pre-2000 
Engines under Tier-I have already been certified according to earlier version of the 
NOx Technical Code 1997. These Certifications still remain valid until end of the 
engine life (www.imo.org). 
Tier-II standards will require an optimization for the fuel combustion process. 
Manufacturing companies of diesel ship engines should analyse the main parameters, 
such as fuel injection timing, pressure, and rate (rate shaping), fuel nozzle flow area, 
exhaust valve timing, and cylinder compression volume. To achieve the Tier-III 
standards, it is expected that special technologies will be required to reduce NOx 
emission, such as water induction into the combustion process, exhaust gas 
recirculation, or selective catalytic reduction (Kilpinen, 2010). 
2.1.3. MARPOL Annex VI Regulation 14 – Sulphur Oxides (SOx) 
Regulation 14 enables the ship-owners and ship operators to use both the bunkers 
with limited sulphur content and alternative technologies to eliminate SOx before 
releasing exhaust into atmosphere. 
The regulation includes mainly control of SOx emissions but also particular matter 
(PM) emissions indirectly. Even if there are emission limits defined for SOx, no 
emission limit for PM has been decelerated. SOx and PM emission controls are 
applying to not only main engines and auxiliary engines but also fuel oils, alternative 
fuels and other technologies for reducing exhaust gases.  
In compliance with Regulation 14, member states can establish special SOx Emission 
Control Areas (SECA) to control ships and ship emissions.  
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These controls are applied into two areas which are inside of Emission Control Areas 
(ECA) established to limit emissions of SOx and particulate matter and outside of 
ECA. The control mechanism works primarily by limiting the rate of sulphur mass in 
the fuel oils used as bunker. The sulphur limits in fuel are expressed as % m/m by 
weight. The sulphur limits and implementation dates are listed in Table 2.2 and 
illustrated in Figure 2.2 (IMO MEPC.176 (58), 2008).  
Table 2.2 MARPOL Annex VI Fuel Sulphur Limits 
DATE 
Global ECA 
Fuel Content 
Sulphur 
Alternative 
Technology 
Fuel Content 
Sulphur 
Alternative 
Technology 
2000 
4.5% m/m S - 
1.5% 6 g SOx/kWh 
2010 
1% m/m S 4 g SOx/kWh 
2012 
3.50%  m/m S 14 g SOx/kWh 
2015 
0.1% m/m S 0.4 g SOx/kWh 
   2020 1  0.50% m/m S 2 g SOx/kWh 
( 
1
 Alternative date is 2025, to be decided by a review in 2018) 
 
Figure 2.2 MARPOL Annex VI Fuel Sulphur Limits 
Source: Retrieved from http://www.dieselnet.com/standards/inter/imo.php#tab1 
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International shipping requires ships to service between different countries through 
broad sea ways. Therefore, most ships should be operated both outside and inside of 
these ECA. Since there are different limitation levels between inside and outside of 
ECA, ships must switch the fuel in the bunkering system when entering an ECA. In 
addition, crews should record the quantities of the ECA compliant fuel oils on-board 
together with the date, time and position of the ship regarding the switch operation of 
fuel. These records can be written in a logbook (ECG, 2013). 
Alternative solutions are also possible in the ECAs and globally to minimise SOx 
emissions, such as through the use of scrubbers which provides exhaust gas cleaning 
in the system by water washing, or blending of fuel oils, or having dual fuel system 
(gas / liquid) use), or using any other technological method to reduce SOx emissions 
in compliance with the limits in Figure 2.2 (ECG, 2013). 
2.1.4. MARPOL Annex VI Regulation 15 - Volatile Organic Compounds 
(VOCs) 
Regulation 15 is only related for tankers. Tankers carry crude oil which cargo has 
been composed of volatile organic compounds, so it contains organic chemicals and 
naturally has a high vapour pressure. The high vapour pressure arises from a low 
boiling point that engenders amounts of molecules to evaporate from the liquids and 
enter the airspace. According to the Regulation, tankers carrying crude oil are 
obliged to have on board an implemented VOC Management Plan approved by the 
administration (IMO MEPC.176(58), 2008). 
However, this regulation also applies to gas carriers only if the types of loading and 
containment system allow safe retention of non-methane VOCs on board or their safe 
return ashore (Jamaly, 2008). 
Another objective of this Regulation is to establish a control system in the ports abd 
terminals on VOC emissions from ships to airspace by applying vapour emission 
control systems (VECS) (Jamaly, 2008). 
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2.1.5. MARPOL Annex VI Appendix III : Emission Control Areas (ECA) 
Appendix III provides the criteria and procedures to member states how to design an 
Emission Control Area based on the control of emissions of NOx, SOx and particulate 
matter from ships in order to eliminate concentrations of air pollution in coastal areas 
and cities. An ECA can be established after the adoption in IMO.  
An Emission Control Area could be declared for SOx and PM, or just for NOx, or 
covering each of these emissions from ships. Existing Emission Control Areas as 
follows are illustrated in Figure 2.3. 
 Baltic Sea (SOx, adopted: 1997 / entered into force: 2005) 
 North Sea (SOx, 2005/2006) 
 North American ECA, including most of US and Canadian coast (NOx & 
SOx, 2010/2012). 
 US Caribbean ECA, including Puerto Rico and the US Virgin Islands (NOx & 
SOx, 2011/2014). 
 
Figure 2.3 ECA World Map 
Source: Retrieved from http://www.lr.org/sectors/marine/documents/227034-eca-map-
august-2011.aspx 
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2.1.6. IMO GHG Studies 
On the other hand, greenhouse gases (GHG) are another crucial subject in this field. 
Ship emissions contain significant amounts of GHG such as CO2, CH4 and N2O. 
These gases cause climate change by damaging the ozone layer and the absorbing 
sun light in the atmosphere.  
In 1997, IMO convened a conference for MARPOL in which the Resolution 8 on 
“CO2 emissions from ships” was adopted. According to this resolution,  
 IMO will co-operate with UNFCCC in the exchange of information on GHG 
issue; 
 IMO will accomplish a study of GHG emissions from ships;  
 MEPC will investigate possible GHG emissions abatement methods. 
As a result, the IMO Study on Greenhouse Gas Emissions from Ships was completed 
and presented to MEPC 45 in June 2000 as document MEPC 45/8 (UNFCCC Report, 
2008). The IMO GHG Study 2000 was the first study to find the amount and 
percentage of GHG emissions released from ships within the global inventory of 
GHG emissions.  
In 2006, the meeting of MEPC 55 resulted in to update the “First IMO GHG Study 
2000” to provide a better foundation for future decisions. Then, the second GHG 
study was completed in 2009. This report was prepared by an international 
consortium (UK Chamber of Shipping, 2013). 
According to results of the “Second IMO GHG Study 2009”, international shipping 
has caused to be released 870 million tonnes, or 2.7% of the global emissions of CO2 
in 2007. CO2 is the major GHG, and exhaust gases are the primary source of GHG 
emissions from ships. The study has also shown that there is a significant potential 
for reduction of GHG emissions by the way of technical modifications and 
operational measures. It is estimated that, if these measures are implemented, energy 
efficiency will increase and, therefore, emissions rates can be reduced up to75% 
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below the current level and further developments in this field are being observed by 
IMO to update GHG studies (www.imo.org). 
In 2011, the MARPOL Annex VI was amended, and a new Chapter was added as 
numbered 4, “Regulations on energy efficiency for ships” in order to set mandatory 
measures to reduce GHG emissions. Chapter 4 introduces two mandatory 
mechanisms aimed to provide an energy efficiency standard for ships (Pedersen, 
2013):  
 the Energy Efficiency Design Index (EEDI) for new ships, and  
 the Ship Energy Efficiency Management Plan (SEEMP) for all ships. 
The EEDI is a performance-based mechanism which obliges the new ships to have a 
dedicated design for maximum energy efficiency. Thus, naval architects and ship 
builders can select any technologies to meet the EEDI requirements. The SEEMP, on 
the other hand, sets a mechanism for ship operators to enhance the energy efficiency 
of ships. The regulation has been applied to all ships above 400 GT since 1
th
 January 
2013 (Pedersen, 2013). 
2.2. Regional Regulations by EU 
2.2.1. EU Directive 97/68/EC 
The European Parliament adopted Directive 97/68/EC for member states to have 
necessary measures against the emission of gaseous and particulate pollutants from 
internal combustion engines to be installed in non-road mobile machinery. This 
Directive aims to reduce health and environmental problems caused by discharging 
SO2, NOx, HC, CO, VOC and PM emissions also from ships as non-road mobile 
machinery. The Directive supports member states to set strict rules on emission 
limits in order to reduce SO2 emissions from non-road mobile machinery as 
emissions from road mobile machinery occurs while using inland waterways. These 
emission limits could be applied to all kind of ships while routing in the inland 
waters (Ballini, 2013). 
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2.2.2. EU Directive 1999/32/EC 
Directive 199/32/EC aims to decrease SOx emissions from maritime transport by 
bringing particularly a reduction in the sulphur content of marine fuels. This was the 
first limitation of sulphur rate for marine fuels used in EU territorial waters. 
According to Article 4(a) of the Directive;  
Member states shall take all necessary measures to ensure that marine fuels 
are not used in the areas of their territorial seas, exclusive economic zones 
and pollution control zones falling within SOx Emission Control Areas if the 
sulphur content of those fuels exceeds 1.5 % by mass. (EU Directive 
1999/32/EC).   
This rule was decided to start applying for the Baltic Sea in 2006 and for the Nordic 
Sea in 2007. 
According to Article 4 (b) of the Directive;  
From 1 January 2010, Member States shall take all necessary measures to 
ensure that ships at berth in Community ports do not use marine fuels with a 
sulphur content exceeding 0.1 % by mass” and “with effect from 1 January 
2010, Member States shall ensure that marine gas oils are not placed on the 
market in their territory if the sulphur content of those marine gas oils 
exceeds 0.1 % by mass (EU Directive 1999/32/EC) 
This Directive was an extended version of the previous Directive 93/12/EEC for 
reducing SO2 emissions from heavy fuelled ships, and took an important role as a 
legal instrument of EU to satisfy the provisions of the MARPOL Annex VI (Miola, 
Ciuffo, Giovine and Marra, 2010). 
On 15 July 2011, the EU accepted a proposal for the amendment of the Council 
Directive 1999/32/EC to improve the directive with the latest IMO provisions on the 
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sulphur content of marine fuels, and adopt the directive to the MARPOL Annex VI 
provisions on the subject of alternative compliance techniques (Ballini, 2013). 
2.2.3. EU Directive 2005/33/EC 
Directive 2005/33/EC26 extends the scope of Directive 1999/32/EC for all marine 
fuels used by ships cruising within member states’ territorial waters. There was a 
new obligation for ships to use marine fuels with 1.5% limit on sulphur content while 
floating in Emission Control Areas, defined by the IMO in the context of MARPOL 
Annex VI. Obligation of the same limit also applies to all passenger ships operating 
on regular services to or from any EU port. On the other hand, for all ships at berth in 
EU ports are required to only use marine fuel with a sulphur content not exceeding 
0.1% by mass. This provision entered into force on 1 January 2010 with some 
exemptions in which the 0.1% sulphur cap if ships are berthed less than two hours. 
The directive has offered alternative ways to comply with the mechanism. Ship 
operators can prefer to use approved emission abatement technologies rather than 
using low-sulphur marine fuels (Miola et al, 2010). 
However, the EU Directive permits the ships to consume marine fuels with a sulphur 
content of up to 1% where the MARPOL Annex VI permits to consume fuel with a 
maximum sulphur content of 1.5% within SECAs (Ballini, 2013). 
2.2.4. EU Legislation on GHG Emissions from Ships 
In regard to GHG emissions, the European Commission Communication towards 
Copenhagen COP-15 (December 2009) established the main legislative rules which 
have been taken for all European states in order to address emissions from ships.  
The Commission established comprehensive proposals on how to get successful 
results for international climate change during discussions in Copenhagen and 
beyond. Particularly, three core challenges have been defined, which are targets and 
actions, financing, and the building of an effective global carbon market. In order to 
fight these challenges the Commission has stated, 
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To have a reasonable chance of staying below the 2°C, global GHG 
emissions must be reduced to less than 50% of 1990 levels by 2050. 
Developed countries must lead in meeting this global goal and demonstrate 
that a low-carbon economy is possible and affordable. (Miola et al, 2010). 
Concerning emissions from international aviation and maritime transport, the 
Commission assumed that a global agreement to be settled in Copenhagen in order to 
decrease the climate impact of the shipping sector as other sectors below 2005 levels 
up to the year 2020 and below 1990 levels up to the year 2050. 
2.3. National Regulations by Turkey 
Turkey has ratified MARPOL Annex VI by a law numbered 6438 on 26
th
 February 
of 2013. Therefore, the Turkish Maritime Authority can establish Emission Control 
Areas (ECA) in the near future within the Turkish territorial seas. 
On the other hand, in parallel with Directive 2005/33/EC of the European Parliament 
and of the Council of 6 July 2005 amending Directive 1999/32/EC, the Turkish 
Maritime Authority published a regulation namely “Regulation on Reduction of 
Sulphur Rate in Some Types of Fuel Oils” (decision number 2009/15667) on the use 
of fuel containing no more than 0.1% sulphur in ships while at berth.  
According to the latest revision of the Turkish Regulation (Türk Loydu, 2011) 
1. No marine fuel with sulphur content more than 1.5% by mass is permitted on 
ECA/SECA zones as defined either by Republic of Turkey or by MARPOL 
Annex VI.  
2. Inland vessels and all the vessels at berth, regardless of their flag, shall use 
marine fuels with sulphur content not more than 0.1% by mass, by 1st of 
January 2012.  
Under the EU harmonization process, Turkey has still conducted “the European 
Union IPA Twinning Project for the Control of Ship-Sourced Emissions” in Turkey 
to control emissions in the long term (Ministry of Transport, 2012). 
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III. ALTERNATIVE MARINE FUELS AND EMISSION ABATEMENT 
TECHNOLOGIES  
 
As suitable for the purpose of this study, a comparison will be made between 
alternative marine fuels and possible abatement technologies included cold ironing 
systems. Therefore, alternative marine fuels and abatement technologies will be 
investigated only for the subject of the reduction methods of emissions caused by 
auxiliary engines on ships in accordance with the boundaries as defined in Chapter 
1.3. 
In general, auxiliary engines are known as a small engine on-board to generate 
electric power needed for ship operations. Mostly these engines run in hotelling time, 
and are not used for propulsion.  Even if their maximum output power is high, they 
usually work with a low load factor because of the less power requirement. In 
addition, auxiliary engines are commonly designed as an internal combustion 
machine consuming diesel by the manufacturers. Thus, it does not seem easy to 
estimate emissions from auxiliary engines because of the irregular loading rates, 
independent work time and some physical properties such as age and fuel type. 
Hereby, firstly there will be an investigation for alternative marine fuels which can 
be burned in the auxiliary engines providing less emission, and then some new 
technologies, which are related with exhaust systems, engine fuel systems and 
different systems instead of AE will be analysed.  
3.1. Alternative Marine Fuels 
The Second IMO GHG 2009 defined the seven alternative fuels by considering 
market penetration potential. These fuels are respectively marine distillates, heavy 
fuel oil, LNG, LPG, biodiesel, synthetic diesels and other renewable fuels (Buhaug et 
al, 2009). 
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3.1.1. Low Sulphur Fuels 
Low sulphur fuels, in the context of marine fuel, consist of distillate and residual oils 
(heavy fuel oils) basically. Marine fuels have different types and grades as Table 3.1 
shows. 
Table 3.1 Marine Fuel Types 
Fuel Type Fuel Grades Industry Name 
Distillate 
DMX, DMA, 
DMB, DMZ 
Gas Oil or Marine Gas oil, 
Marine Diesel Oil 
Intermediate IFO 180 (360) Intermediate Fuel Oil 
Residual RMA, RMB, RMD,RME, RMK Heavy  or Residual Fuel Oil 
 
International Standards Organization (ISO) has listed specifications of these marine 
fuels with a special code numbered “8217”. According to 2012 version of this code, 
all characteristics and standards belong to distillate and residual marine fuels have 
been tabulated respectively in following Tables 3.2 and 3.3; 
Table 3.2 Distillate Marine Fuels ISO Standards (8217:2012) 
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Table 3.3 Residual Marine Fuels ISO Standards (8217:2012) 
 
 
These oils are primary sources of auxiliary engines on ships, and they will remain in 
this privileged position in the industry until 2050 as the estimated date for depletion 
of oil resources in the world. Therefore, oil-derived fuels have been discussed as an 
alternative choice in all cases regarding emission reduction.   
According to MARPOL Annex VI, ships are allowed to sail in global seaways or 
ECAs by using only fuels with limited sulphur content. 
According to Tables 3.2 and 3.3, DMX or marine gas oil (MGO) seems the best 
alternative fuel within oils for the auxiliary engines to reduce SOx emissions due to 
the very low sulphur content. However, the high price of MGO and availability in the 
long term are the major problems for this source. Even if MGO has been selected as 
an option, it is impossible to eliminate all air pollutants and GHG discharged into the 
atmosphere. Detailed comparison of emissions by fuel and technology sources will 
be discussed at the end of this Chapter based on the results of generally accepted 
studies.  
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3.1.2. Liquefied Gas Fuels 
Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG) belong to the gas 
class of marine fuels.  
LNG consists predominantly of methane (CH4), and when it is burned only              
CH4 + 2O2  -> CO2 + 2H2O  result. It means methane and oxygen molecules turn to 
carbon dioxides and water molecules. Therefore, LNG is a very environmental and 
clean energy source in fuel types because of no sulphur content. In the context of air 
pollutants, all SOX (100%) and almost all PM emissions are eliminated (95-98%). In 
addition, NOX emissions are reduced by up to 90% due to low temperature in the 
combustion process while using LNG as marine fuel. On the other hand, GHG 
emissions are also reduced because LNG has a higher hydrogen-to-carbon ratio 
which causes lower CO2 emissions. However, the use of LNG has one disadvantage 
on emissions which is “methane slip”. That means some LNG can be leaked into 
airspace as free without combustion, and it results in an increase of methane (CH4) 
emissions into the atmosphere and global warming.  
Similarly, LPG belongs to the same gas family and is composed of mainly propane 
(C3H8) about 70% and butane (C4H10) about 30%. The chemical reaction is also 
similar to LNG while burning.  
Another disadvantage of fuel gases is lower energy density than fuel oils and even 
emission rates are better. One more disadvantage is about storage tanks. In order to 
liquefy the natural gases, a high pressure or cooling system is required. Due to the 
safety rules, LNG is typically stored in highly insulated, spherical, or cylindrical 
tanks at low pressures, (1.05 ÷ 5 bars). With low pressure, liquefied gases occupy a 
greater volume than oils which have the same energy. In practice, 3-4 times more 
volume is required to store LNG compered to diesel oil volume. Hence, design of 
LNG fuel tanks is a major problem for the ships because of the lack of or inadequate 
spaces in engine rooms (Kołwzan & Narewski, 2012).  
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Ships can be equipped with gas engines or dual fuel engines (gas & diesel) to 
combust gas fuels.  LNG bunker prices are almost the same as the prices of residual 
fuel oil, and it is markedly cheaper than distillate fuels (Kołwzan & Narewski, 2012). 
Table 3.4 shows rules defined by class societies for LNG used as fuel in ships.  
Table 3.4 The rules of classification societies to support use of LNG in ship engines  
 
Source: Kołwzan & Narewski, 2012 
With regard to auxiliary engines, a study performed by Wärtsilä (a manufacturer of 
marine engines) can be found in literature reviews. The study name is “LNG 
auxiliary power in port for container vessels” and aims to demonstrate economic and 
environmental efficiency of LNG fuels in AE when ships are at berth. In this case, 
ships do not need the big storage tanks for LNG due to the possible outside supply of 
LNG in port facilities. When the ship lifts at berth, LNG can be served by way of 
pipelines to the auxiliary engines of ships (Levander & Sipilä, 2008). 
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3.1.3. Bio Fuels 
Bio-fuels which are defined as biodiesel, synthetic diesels and other renewable fuels 
in Second IMO GHG can be divided into three generations (Kołwzan & Narewski, 
2012).  
 First generation biofuels: Biodiesel (RME), Bioethanol, ETBE, 
Biogas/Landfill Gas and Straight Vegetable Oils (SVO). These are mainly 
produced from sugar, starch, vegetable oil, or animal fats. Many of them can 
readily be used for diesels engines of ships without any modification in the 
auxiliary engines. 
 
 Second Generation (advanced) biofuels: Biomass to Liquid (BtL), Cellulosic 
ethanol, BioDME/Methanol, Bio-Synthetic Natural Gas (BioSNG), Bio-
oil/Bio-crude, Hydrocarbons from catalysis of plant sugars, Bio-hydrogen, 
Bioelectricity/CHP and Bio-butanol. These are produced from residual non-
food crops, leaves, stems and also industry waste such as wood chips, skins 
and pulp from fruit pressing. This kind biofuels has been estimated as more 
sustainable. From the point of view of economics, the conversion process of 
second-generation biofuel for industrial scale is still in development. 
 
 Third generation biofuels: Algal biofuels. These biofuels are based on using 
algae. The technology for algal biofuels is currently developed. 
 
In respect of emission reduction by biofuels especially Biodiesel which is more 
available, it is possible to say that SOx emissions are wholly reduced because of the 
absence of sulphur in the content of Biodiesel and PM emissions are also abated 
dramatically. However, unfortunately NOx emissions may be increased between 7% 
and 10% under the current technology. CO emissions are also decreased by 
increasing the oxygen content of the fuel. According to CO2 emissions as greenhouse 
gas, the amount CO2 emissions can vary depending on different types of biofuels. 
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Not all biofuels have a CO2. It is also related to how the biofuel was produced 
(Kołwzan & Narewski, 2012). A comparison of biofuels is shown in Table 3.5. 
Table 3.5 A comparison of biofuels with fuel oils 
 
Source: Kołwzan & Narewski, 2012 
 
3.2. Emission Abatement Technologies 
3.2.1. NOX Abatement Technologies 
Abatement of NOx emissions particularly concern modification of diesel engines. 
Diesel engines need to work at high temperature. Therefore, preheated air causes the 
production of large quantities of NOx emissions. All abatement technologies under 
this section, as a result, can be considered for diesel engine basis which are 
commonly used as auxiliary engines.  
• Internal Engine Modifications (IEM) 
There are many methods to modify engines in order to reduce NOX emissions. These 
methods include optimising combustion, enhancing air charge characteristics and 
changing the fuel injection system. To make modification in existing engines is 
limited due to the some restrictions of old engine designs. The simple retrofit of slide 
valves by removing the old valves, and enlarging the fuel injector holes in the 
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cylinder covers for slow-speed 2 stroke engines are known as basic the IEM method 
while others are advanced IEM methods. Nearly 20% of NOx reduction can be 
obtained by using IEM methods (ENTEC, 2005b). 
• Direct Water Injection (DWI) 
This method provides freshwater to be injected by a valve in order to cool the 
combustion chamber before the start of combustion. Thus, it results in the reduction 
of NOx formation. With this method, NOx emissions can be reduced by 50 - 60%.  A 
sample design of this technology is illustrated in Figure 3.1 (ENTEC, 2005b). 
 
Figure 3.1 Overview of Direct Water Injection 
Source: Wärtsilä 46 Technology Review p.6, retrieved from http://www.wartsila.com /file/ 
Wartsila/1270037660540a1267106724867-Wartsila-O-E-W-46-TR-M.pdf 
 
• Humid Air Motors (HAM) 
The Humid Air Motor (HAM) is an emission abatement technology which reduces 
NOx formation by up to 65% by using evaporated seawater to reduce engine heat 
during the fuel combustion, because higher temperature in the combustion chamber 
is the main reason of NOx formation. HAM can be considered a new technology 
instead of the conventional engine air inter-cooler. On the other hand, waste heat of 
the engine can be used to produce hot water for different usage (MAN, 2011).  
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HAM has significantly low operating costs because of free water source, and this 
system also minimize consuming lube oil, and maintenance costs are commonly very 
low (MAN, 2011). 
A sample design of this technology is illustrated in Figure 3.2. 
 
Figure 3.2 Overview of Humid Air Motor 
Source: Retrieved from http://www.vikingline.com/en/Investors-and-the-Group/Safety--
environment/Environment/Energy-consumption-and-atmospheric-emissions/ 
• Exhaust Gas Recirculation (EGR) 
Exhaust gas recirculation is another method to reduce NOx emissions from internal 
combustion engines by recirculating a part of the exhaust gas back to the cylinders in 
the engine. In this process, exhaust gas is firstly filtered then cooled and finally 
returned to the engine charge air. However, the main barrier and restriction in EGR 
methods are to clean all particulate matter before the exhausts mix again with engine 
charge air. Therefore, particulates remain on cylinder walls in the engine, and this 
causes an increase in viscosity of the lubrication oil (ENTEC, 2005b). 
A sample design of this technology is illustrated in Figure 3.3. 
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Figure 3.3 Overview of Exhaust Gas Recirculation 
Source: Retrieved from http://www.agcocorp.com/e3/egr_scr.aspx 
 
• Selective Catalytic Reduction (SCR) 
Selective catalytic reduction provides conversion of nitrogen oxides into diatomic 
nitrogen (N2) and water (H2O). In the SCR process, urea solution is added into the 
exhaust gas and is adsorbed onto a catalyst. SCR is a classic “add-on” exhausts 
treatment system; thus, basic engine design can be used, and most engine 
manufacturers provide this technology (ENTEC, 2005b). 
A sample design of this technology is illustrated in Figure 3.4. 
 
Figure 3.4 Overview of Selective Catalytic Reduction 
Source: Retrieved from http://www.natso.com/blog/what-is-the-difference-between-exhaust-
gas-recirculation-and-selective-catalytic-reduction 
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3.2.2. SOX Abatement Technologies 
According to the ENTEC study 2005 for the European Commission on Ship 
Emissions, SOX abatement technologies have been defined in three categories which 
are respectively: 
 
 Sea water scrubbing;  
 Fuel switching from 2.7% sulphur residual oil down to 1.5% sulphur RO; 
 Fuel switching from 2.7% sulphur residual oil down to 0.5% sulphur RO. 
 
Here, switching fuel means just to change fuel oil types in usage; actually, no 
technology is required if a suitable engine is already equipped on-board, such as 
dual-fuel engines. Therefore, switching oil will not be examined in this chapter 
because of the fact that alternative marine oils have already been mentioned in this 
Chapter in 3.1 with all details. 
 
• Sea Water Scrubbing 
The sea water scrubbing method aims to reduce SO2 emissions from ships by 
washing hot exhaust gases with sea water.  
Since alkaline HCO3 and SO4 in the sea water neutralise SOx through scrubbing, no 
additional substances are required. This chemical reaction results in sulphates. The 
sulphate containing waste water is re-circulated back into the sea after the solid 
particles are filtered from the exhaust gas and collected into a sludge tank for 
disposal.  
By the help of this technology, the reduction of SO2 emissions is possible by the 
rates of 68-94% where ship engines burning oil with even a 2.5% sulphur contents 
(ENTEC, 2005c). 
A sample design of this technology is illustrated in Figure 3.5. 
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Figure 3.5 Overview of Sea Water Scrubbing 
Source: Retrieved from http://www.wecom.com.sg/scrubber.html 
 
3.3. A Comparison of Emission Reduction Efficiencies 
ENTEC made estimation on ship emission reduction efficiencies by using NOx 
reduction techniques and switch fuels methods in 2005 for EC Directorate General 
Environment. The estimates are reflected in Table 3.6 (ENTEC, 2005).  
According to the figures in Table 3.6, the best methods are respectively SCR with 
0.1% MGO, Sea water scrubber and EGR if using shore-side electricity (cold ironing 
system) is not considered.  
The cold ironing system has more emission reduction efficiencies rather than other 
alternative fuels and abatement technologies. Details of the cold ironing system will 
be discussed in Chapter IV. 
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Table 3.6 Emission Reduction Efficiencies 
 
Source: ENTEC, 2005 
 
1 Compared to engines using 0.1% sulphur fuel. This is based on the sulphur content corresponding 
to the future requirements under the Sulphur Content of Marine Fuels Directive requiring ships at 
berth to use 0.1% sulphur fuel. Figures will be different for tankers, because they use boilers at berth. 
The report itself shows the emission reductions when switching to shore power from 2.7% S fuel as 
well as from 0.1% sulphur fuel.  
2 Assumed switch from 2.7% sulphur RO to MD for technical reasons.  
3 US EPA 2003 outline that a switch from 2.7% sulphur RO to 0.3% MD reduces PM by 63%. The 
PM reduction to 0.1% MD will therefore be slightly higher than 63%.  
4 ± no or not conclusive information available  
5 PM reductions estimated in the same way as for EGR.  
6 MES measured sludge production from the Pride of Kent as 0.2 g/kWh and particles suspended in 
overboard water as 0.05g/kWh. Based on a PM emission factor of 0.8 g/kWh in the exhaust for the 
type of auxiliary engine used in MES’s trials, the PM removal rate by the EcoSilencer® can be 
approximated as around 31%. However since this calculation assumed that all the sludge consists of 
particulates, and that the suspended solids in the scrubber inflow is negligible, the actual removal 
rate is likely to be lower than 31%. A conservative estimate of 25% PM reductions was therefore 
chosen.  
7 Conservative figure. It is estimated that PM removal will be more than 18% but is likely to be 
significantly less than the 63% (US EPA 2003) reported for a switch to 0.3% MD. Switching to a 
0.5% S distillate fuel (MD) may give PM reductions towards the high end of this emission reduction 
range 
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IV. COLD IRONING SYSTEM 
 
4.1. Definition of Cold Ironing 
Cold ironing is a process where shore-side electric power is provided to ships instead 
of consuming fuel oils (especially MGO with 0.1% sulphur content according to EU 
and Turkish rules) which is combusting in auxiliary diesel engines to generate 
electricity during hotelling at berth. It is also known as onshore or shore-side electric 
power as Alternative Maritime Power (AMP). 
Actually, cold ironing is a very old expression in the shipping sector. The term of 
cold ironing came from the time when all ships had coal fired iron clad engines. 
Those days, when a ship was tied up at berth, crews stopped to feed the fire, and then 
the iron engines cooled down literally, and finally they were entirely cold. Hence, the 
term was composed and is still used in the sector (Nikitakos, 2012). 
4.2. Cold Ironing System from Technical Aspect 
In modern world, ship-owners and operators desire maximum efficiency and 
minimum cost when their ship is cruising or hotelling or in any operation because 
ship-owners know that they need energy continuously from any source to keep it 
operable. Therefore, unknown future prices of energy and environmental 
responsibilities are assumed as the main drivers of the maritime sector basically. 
Hence, all investments are significantly important in this sector up to the last penny. 
4.2.1. Variance of Electrical Systems Configurations  
Some of countries have 220-240 volt electric range with 50 Hertz or 60 Hertz 
frequency and others have 100-127 volt electric range in 50 Hertz or 60 Hertz 
frequency. In principle, the Americas use low voltage and Euro-Asians use high 
voltage in their national grids. Figure 4.1 shows variance of national electrical grids 
of countries worldwide. 
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Figure 4.1 Differences in the design of electrical system in ships   
Source: Retrieved from  http://upload.wikimedia.org/wikipedia/commons/archive/d/db/ 
20090529061844%21WorldMap_Voltage%26Frequency.png 
 
 
On the other hand, due to the wide trade area, ships are built in different 
configurations. Electrical system design of ships can vary by countries where they 
are built or operated in. 
Research has been done to find the variance of ships’ electrical systems under the 
Euromax cold ironing study which covers 39 container ships in the Port of Rotterdam 
where they firstly classified container ships according to the service type as feeder or 
ocean-going ships by using LOA measures. In this concept, ships below 140 m of 
length (19 of 53 ships) have been accepted as feeder and above 140 m (34 of 53 
ships) were accepted as ocean-going. Secondly, they collected technical information 
on electrical systems of these ships, and finally they found these results as follows in 
Figures 4.2 and 4.3: 
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Figure 4.2 Voltage distributions of container vessels by service types 
Source: Doves, 2006, p.6 
 
 
Figure 4.3 Frequency distributions of container vessels by service types 
Source: Doves, 2006, p.7 
 
According to above figures, small container ships which are operated as feeders have 
generally the same voltage level in range of 380-440 V and electrical systems mostly 
with 50 Hz frequency. On the other hand, big container ships which work on inter-
ocean services almost all have 440 V electrical systems with 79% and system 
frequency works 60 Hz with 94%. These figures will be considered as reference 
values for container ships when the case study results are analysed in this study.  
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4.2.2. Range of Electricity Power Consumption 
In the literature review, some studies on container ships showed electricity power 
consumptions while berthing. One of them was done by ABB Co. and two students 
in context of Master of Science Thesis at Chalmers University based on real data 
presented in the Euromax study.  
According to this study, Ericsson and Fazlagic have found the average and maximum 
electricity power consumptions of container ships by service type as follows in 
Figures 4.4, 4.5 and 4.6 respectively (Ericsson & Fazlagic, 2008). 
 
Figure 4.4 Energy Consumption Rates of Feeder Container Ships 
Source: Ericsson & Fazlagic, 2008, p.44 
 
Figure 4.5 Energy Consumption Average Rates of Ocean-going Container Ships 
Source: Ericsson & Fazlagic, 2008, p.45 
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Figure 4.6 Energy Consumption Maximum Rates of Ocean-going Container Ships 
Source: Ericsson & Fazlagic, 2008, p.45 
 
These figures show that the maximum power demand of container ships does not 
depend on size or type of ships. Sometimes less than 140 m feeder ships can use the 
same high level of electricity power as ocean-going vessels due to the reefer 
containers or other reasons. However, maximum electricity demands are limited 
because of the preferred low loading factor for auxiliary engines.  
4.2.3. Cable Connection Models from Shore to Ship  
According to the study for the Euromax Terminal (Doves, 2006), electricity cables 
delivering alternative maritime power can be connected to ships in different ways. 
Each way is a unique model and has different characteristics in the context of 
applicability, costs and requirements. These are 4 models basically, and illustrated 
and compared as in the following Figures 4.7, 4.8, 4.9 and 4.10; 
 
Figure 4.7 Using a barge equipped with a transformer (1st Model) 
Source: Doves, 2006, p.11 
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Pros &Cons: 
 Minimum retrofit is needed for ships 
- Barge and its design cost could be high 
- Each barge can serve only one ship simultaneously 
- High operation costs because of a crew needed for operating the barge 
- Barge also has to be equipped with a crane to lift cables up to the height level 
of ships.  
- To take the right position for the barge and to connect or disconnect the 
cables takes a long time. 
- Possible safety problems can be caused by water because high electrical 
voltages and currents are handled close to sea surface. 
 
Figure 4.8 Reel cable system on board (2nd Model) 
Source: Doves, 2006, p.13 
 
Pros & Cons: 
 Few cables to attach 
 Cables are lowered onto the dock, no crane is required 
 Lower installation and operating cost rather than barge model 
 Possibility to set a standard for the voltage level 
- More modification on board are required  
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Figure 4.9 Crane using on shore (3rd Model) 
Pros & Cons: 
 No retrofit is required for ships  
- Not suitable for container handling operations 
- To place crane is a problem due to the lack of space in quay 
 
Figure 4.10 Ferry connection model (4th Model) 
Source: Doves, 2006, p.14 
Pros & Cons: 
 only one (lightweight) cable  
- Not suitable for large container vessels 
- Only suitable for 50 Hz vessels 
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4.3. Recommended Design for Port Facilities 
Since there are many variances in electrical systems of ships, ports are needed to 
provide alternative solutions when a ship demands on shore electricity power if the 
local grid is not compatible in comparison to voltage level and hertz frequency. 
Figure 4.11 illustrates a general cold ironing diagram. 
 
Figure 4.11 Illustration of on-shore power using by a ship 
Source: Jiven, 2004, p.5 
 
When a berth is located near a residential or industrial area, high voltage power (6-20 
kV) is most likely be available. In Turkey almost all ports have high-voltage 
electricity available nearby. 
According to Figure 4.11, it is a fact that an entry point like a socket is necessary for 
the cable connection in the vessel. The high-voltage electricity delivered to the on-
board should be transformed to the 400V which is useable voltage in electrical 
systems of the ship.  
The following check-list is always important when the costs and technical 
requirements are analysed: 
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 Shore-side frequency (50 Hz in Europe and Turkey) 
 On-board frequency (60 Hz or 50 Hz) 
 Shore side supply of high voltage electricity (voltage, distance to nearest 
supply point and installation practicalities) 
 Amount of needed power  
 Available spaces for on-board transformer, and weight restrictions of the 
ship. The extra weight of equipment (transformer) or loss of cargo space can 
lead to less profitability or more fuel consumption.  
 Sheltered space may be required on-board where transformer is located.  
 On-board cable installation practicalities and distances 
 Cost for shore supplied electricity versus that for on-board generated 
electricity cost (fuel, maintenance etc.) 
If the ships are equipped with a 60 Hz frequency system, the shore-side electric 
power has to be transformed from the 50 Hz in the national grid as standard to the 
on-board 60 Hz frequency. This is normally transformed by a shore-side located 
frequency transformer (Jiven, 2004). 
On the other hand, three standard groups, namely ISO, IEC and IEEE, have been 
assigned to complete a full standard for shore-side power supply or cold ironing 
systems. The three standardization committees have different influences in different 
parts of the world. The main goal with the standards is to have the same purpose and 
not to conflict with each other. The ISO standard mainly covers the mechanical 
aspects, while the IEC and IEEE standards cover the electrical aspects of the 
connection.   
In accordance with these international standards, the European Union has presented, 
from their point of view, a typical shore-side power supply configuration in the 
Recommendation numbered 2006/339/EC. The configuration is illustrated in Figure 
4.12. 
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Figure 4.12 Overview of Shore-side Electricity Connection recommended by EU 
Directive numbered 2006/339/EC 
Source: ENTEC, 2005a 
 
The process of the system which was shown in Figure 4.12 has been described with 
position numbers in Table 4.1. 
Table 4.1 Description of cold ironing system design recommended by EU 
Position Description 
1 
A connection to the national grid is needed carrying 20-100 kV electricity from 
a local substation, where it is transformed to 6-20 kV. 
2 
Cables are required to deliver the 6-20 kV power from the sub-station to the 
port terminal. 
3 
The electricity may require power conversion from the grid standard of 50Hz 
to 60Hz, depending upon whether the ship runs at 50 Hz or 60 Hz. 
4 
Electricity is distributed to the terminal. Cables need to be installed 
underground within existing conduits or this may require new canalisation.  
5 
A cable reel system, to avoid handling of high voltage cables. This might be 
built on the berth supporting a cable reel, davit and frame. The davit and 
frame would be used to raise and lower the cables to the vessel. The cable 
reel and frame would be electro-mechanically powered and controlled. 
6 A socket is needed for the connecting cable onboard the vessel.  
7 
A transformer on board the vessel to transform the high voltage electricity to 
400 V. 
8 
The electricity is distributed around the ship, and the auxiliary engines are 
switched off. 
Source: ENTEC, 2005 
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4.4. Estimation of Instalment Cost 
Researching new alternative energy sources instead of using fuel oils in ship engines 
especially at berth has directed ports to provide electric energy from national grids. 
Then considerable numbers of ports have developed important projects for installing 
cold ironing systems based on the cost efficiency. 
In this context, it is better to mention how many port use the cold ironing system 
officially. According to the list published by IMO in the meeting of MEPC, the 
number of current ports providing on-shore power supply are 20 and in 9 countries. 
Distribution of these are: 7 ports in the USA, 4 ports in Sweden, 3 ports in Finland, 2 
ports in Belgium and rest of them are located in Canada, Germany, the Netherlands 
and Norway one each.  A detailed list with voltage and frequency values about these 
ports has been attached as Appendix-A to the study (IMO MEPC.1/Circ.794, 2012). 
In the formal literature review, some case studies give good examples on instalment 
costs, which may be useful to understand the cost range of the installation of cold 
ironing systems. Table 4.2 presents the results of these studies. 
Table 4.2 Cold Ironing System Instalment Costs According to Projects 
Year Port Name Ship Type Berth 
Quay 
(m) 
Connection 
System 
Installation 
Cost 
Operating 
Cost 
Source 
2004 
Port of Long 
Beach 
Container 4 - 
Barge 
operating 
$15.5 M $2200,000 ENVIRON 
2005 Case study - 1 
Medium 
size 
- €1.15 M €67,500 ENTEC 
2007 Delta Port Container 1 400 - $7 M  
WESTMAR 
Consultant 
2007 
Port of 
Sandiego 
Cruise  2 610  $4 M  
Yorke 
Engr. 
2007 EUROMAX Container 7 1500 
Vessel Reel 
Cable 
€28 M  €3,250,000  
Port of 
Rotterdam 
- 
Port of 
Oakland 
- 11 - - $70 M - 
Pratt & 
Harris 
Port of 
Hueneme 
- - - - $11.4 M $130,000 
Port of 
Seatle 
Cruise 1 - - $15 M - 
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According to Table 4.2, the instalment costs of cold ironing system are roughly 
between USD $1 -7 Million per berth in container terminals. 
4.5. Technology Providers in the Turkish Market 
Several providers offer the technology for the cold ironing system in the global 
market. Some of them also offer turnkey projects, including financing of the 
investments. These companies are very limited when the Turkish market is taken into 
account. In the following, the major technology providers in the global market, 
which have a branch or office in Turkey, are presented (www.ops.wpci.nl). 
4.5.1. ABB 
ABB is one of the biggest technology providers in this field. ABB pioneered cold 
ironing systems by installing the world’s first high voltage shore-side power 
connection for the Swedish port of Gothenburg in 2000. After that ABB has provided 
cold ironing technology to the ports in all Asian and European countries. The Stena 
Line ferry terminal at the port of Rotterdam in July 2012 is their last performed 
project that was one of the biggest turnkey cold ironing system installations in the 
world. 
Solutions of ABB help to decrease emissions, noise and vibrations from ships in 
berths basically by connecting ships to the port's electricity grid through the cold 
ironing system. ABB also provides technology for all ship types including container 
ships, bulk carriers, LNG (liquefied natural gas) carriers, cruise liners and FSO 
(floating storage and offloading) ships (www.ops.wpci.nl). 
ABB PCS 6000 Harbour is mostly known as the frequency converter equipment of 
the ABB Co. for onshore power system. This frequency converter provides a power 
range between 6 – 11 MVA with a variable input and output voltage up to 3.7 kV 
(Ericsson & Fazlagic, 2008) 
ABB PCS 6000 Harbour system is illustrated in Figure 4.13. 
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Figure 4.13 ABB PCS 6000 container solution 
Source: Ericsson & Fazlagic, 2008 
 
4.5.2. Cavotec 
Cavotec as an engineering group globally provides innovative power transmission, 
distribution and control technologies. For the requirements of the port industry, 
Cavotec has developed some technologies such as Alternative Maritime Power 
(AMP) systems, with an automatic mooring design, namely MoorMaster™, where 
cable reels and radio remote controls are motorised as shown in Figure 4.14. 
Cavotec’s cold ironing systems have been preferred by many port operators through 
northern Europe, in North America and the Far East (www.ops.wpci.nl).  
 
Figure 4.14 Cavotec cable reel systems for shore and ship sides 
Source: Cavotec, 2007 
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4.5.3. SAM Electronics 
SAM Electronics has promoted the shipping industry, navies and shipyards globally 
for one hundred years. They provide dedicated marine equipment with newest 
technologies for all types and sizes of ships. The equipment contains advanced diesel 
electric propulsion systems, shaft alternators for economic power generation, ship 
borne automated monitoring and control systems, navigation and communication 
technologies, integrated ship control systems, entertainment as well as safety and 
security systems. They are also interested in retrofit applications (www.ops.wpci.nl).  
4.5.4. Schneider Electric 
Schneider Electric has become too specialized in the management of the electric 
energy field and has served in over 100 countries. Schneider Electric supply 
integrated solutions for more reliable, efficient and safe energy systems, such as 
infrastructure of electric energy, industrial processes, buildings, data centres, and 
residential applications. For the port sector, this company has produced a standard 
shore-side connection system, to plug ships at berth into the national grid and 
eliminate emissions from ships (www.ops.wpci.nl).  
4.5.5. Siemens 
Siemens is one of the leader companies in the field of cold ironing technology. The 
company provides the planning and implementing of cold ironing systems from the 
initial concept to commissioning for the port facilities. SIHARBOR has been 
Siemens’ milestone product which is an expression of Siemens harbour alternative 
maritime power system and includes the SIPLINK frequency converter. SIHARBOR 
offers many advantages for ship owners, freight managers, port operators and cities 
(www.ops.wpci.nl). 
Siemens solutions which are SIPLINK and SIHARBOR as cold ironing technologies 
for port facilities are shown in Figure 4.15. 
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Figure 4.15 Siemens SIHARBOR/SIPLINK Solutions 
Source: Roels, 2009 
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V. COSTS OF SHORE-SIDE ELECTRCITY AND LOW SULPHUR MGO IN 
TURKISH PORTS 
  
5.1. Economic Variables 
5.1.1. USD-EUR-TL Exchange Parameters 
 
According to collected daily data from the Central Bank of the Republic of Turkey 
(CBRT), 1 US Dollar approximately equal to 1.80 Turkish Liras (TL) as average for 
the year 2012. On the other hand, depending on the same data 1 Euro has been 
referenced as equal to 2.30 Turkish Liras (CBRT, 2013). 
The insignificant fluctuations of currencies among Euro, US Dollar and Turkish 
Liras in 2012 can be seen in Figure 5.1. 
 
Figure 5.1 Currency exchange rates during 2012. (TL – Month) 
Source: CBRT, 2013 
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5.1.2. Bunker Prices in Mediterranean Sea 
According to the oil price data collected from 9 different suppliers in Istanbul via 
bunkerindex.com, Low Sulphur (0.1%) Marine Gas Oil (LS MGO) has been 
calculated USD 1010.47 for MGO/ton as the average price in the year 2012. On the 
other hand, due to the liner service concept, container ships have a very huge trade 
area to buy marine fuel when they are on a voyage. Therefore, to reveal more 
realistic LS MGO price in order to be used in this study, all marine prices has been 
taken into account covering the Mediterranean Sea. From this aspect, marine oil 
prices for the following ports in the Mediterranean Sea are compared by using the 
index of BIX MED MGO: Algeciras, Augusta, Ceuta, Fos, Genoa, Gibraltar, 
Istanbul, Limassol, Malta and Piraeus. In this concept, as another indicator, the price 
of LS MGO has been found USD 995.46 for all ports in the Mediterranean Sea for 
the year 2012. Hence, in this study LS MGO price is assumed USD 1002.97 on 
average for the year 2012 (Bunkerindex.com, 2013). 
The following Figure 5.2 can also help to understand variance of LS MGO prices 
among Mediterranean and Istanbul ports. 
 
Figure 5.2 LS MGO prices in Mediterranean and Istanbul ports (2012) 
Source: Bunkerindex.com, 2013 
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5.1.3. Electricity Prices in Turkey 
 
In Turkey the electricity prices and tariffs have been determined by a special 
government agency which is the Energy Market Regulatory Authority (EMRA) 
routinely 4 times for each year. 
Principally, electricity tariffs can vary by user types such as industrial, public, private 
and by medium voltage or low voltage.  
In context of this study, port facilities in Turkey have been taken as an industrial user 
of electricity because of the company titles, which consist of “industry” term, and 
considered as the consumer of medium voltage due to the cold ironing system needs.  
 EMRA has defined 4 different electricity tariffs as follows (see Table 5.1):  
Table 5.1 EMRA electricity tariffs for industry type users in 2012. 
PERIOD 
2012 
Consumer Tariffs (TL/kWh) 
Retail 
Monochronic 
Distribution  PSH  
Loss / 
Leakage 
Transmission TOTAL 
Jan-Feb-Mar 0.15377 0.01538 0.01977 0.00388 0.00836 0.20116 
Apr-May-Jun 0.17015 0.01691 0.01882 0.00401 0.00866 0.21855 
Jul-Aug-Sep 0.17015 0.01691 0.01882 0.00401 0.00866 0.21855 
Oct-Nov-Dec 0.17770 0.01843 0.01873 0.00394 0.00851 0.22731 
(AVERAGE) 0.16794 0.01691 0.01904 0.00396 0.00855 0.21639 
Source: EMRA, 2013 
As a result, 0.2164 (TL/kWh) is assumed as average price declared by EMRA. 
However, this price is not enough to make electric energy using price calculation in 
reality, because some taxes and additional costs are not reflected to this price yet. 
After EMRA announced the tariffs, the next tariffs have been declared by the 
generator companies of electricity. The main electricity generator company in 
Turkey is Turkish Electricity Distribution Corporation (TEDCO), who defines the 
last and total price of electricity by including taxes for the consumers. 
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In order to calculate carefully the unit price of electricity as USD/kWh for the year 
2012, the required electricity energy amounts should be estimated monthly, and then 
this figure should be used in formula of TEDCO to calculate monthly taxes such as 
TRT Share (2%), Municipal Consumption Tax (1%), VAT(18%). Probably 
minimum 1,000,000 kWh electric energy will be needed for a basic cold ironing 
system in container terminals. Based on this amount, the unit of electric energy price 
in Turkey has been calculated as shown in Table 5.2 with all additional taxes. 
Table 5.2 Unite price of electricity (kWh, 2012) 
TEDCO TARIFFS (2012) 
Costumer Type Industry 
Estimated Consumption (kWh) 1,000,000 
 TITLE UNIT PRICE TOTAL 
Active Energy Cost 0.167943 167,943.00 
PSH Cost 0.019035 19,035.00 
PSH Cost of Meter Reading 4.500000 4.50 
Transmission System Usage Fee 0.008548 8,548.00 
Distribution System Usage Fee 0.016908 16,908.00 
Loss / Leakage Cost 0.003960 3,960.00 
Energy Fund (%1)   2,164.00 
TRT Share (%2)   4,328.00 
Municipal Consumption Tax (%1)   2,164.00 
Balance Before VAT(TL)   22,054.50 
VAT (%18)   40,509.81 
TOTAL (TL)   265,564.31 
Unit Price of Electricity (kWh) (TL) 0.27 
Unit Price of Electricity (kWh) (USD) 0.15 
 
In conclusion, the unit price of electricity has been found as USD 0.15 for 1 kWh 
usage of medium voltage for port facilities in Turkey. 
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5.2. Demand of Electric Power Instead of Marine Fuel 
Under the IMO, member states of the MARPOL Convention Annex VI, have been 
trying to find rational solutions to reduce the impact of exhaust gases released by 
ships for many years. Through these studies many calculation methods have been 
developed to estimate the emissions figure caused by oil burning in the ships main 
engines and auxiliary engines. 
Ships produce emissions not only when cruising or manoeuvring but also when 
hotelling via auxiliary engines to generate electric power in order to remain 
necessary activities even if the main engine does not work. In principle all technical 
information that belongs to engines are required to calculate properly emissions rates 
released from auxiliary engines.  Especially the specific fuel consumption data is one 
of the important information.  
However, it is not always possible to find the specific fuel consumption data of 
auxiliary engines because of the unavailability of all AE data; therefore, some 
assumptions have been made and accepted during the meetings of the Marine 
Environment Protection Committee to calculate auxiliary engine fuel consumptions 
and exhaust emissions.  
Assumptions (see Tables 5.3 and 5.4) based on calculation of EEDI in the second 
IMO GHG Study and details in the IMO Circular will be used to calculate the energy 
efficiency measure in this study. (IMO MEPC (59), 2009)  
Assumption for Auxiliary Engines; 
Table 5.3 Power of Auxiliary Engine, PAE : 
MCRME > 10,000 kW < 10,000 kW 
PAE = (0.025 * MCRME) + 250 = 0.05 * MCRME 
Table 5.4 Specific Fuel Consumption of Auxiliary Engine, SFCAE : 
Engine Age MCRAE  > 800 kW MCRAE < 800 kW 
Any  220 g/kW.h  230 g/kW.h 
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in which: 
 ME and AE, represent Main Engine(s) and Auxiliary Engine(s); 
 P, the power of the engines (kW); 
 SFC, the certified specific fuel consumption of the engines (g/kWh); 
 Capacity, the deadweight or gross tonnage (tonnes); 
 MCR, Maximum Continuous Revolution of the engines. 
As a result, 1 kg MGO can generate approximately 1kg/225g/kWh= 4.44 kWh 
electricity by being combusted in auxiliary engines of ships. 
 
5.3. Cost of Preferred Electric Power 
By following formulas mentioned in Tables 5.3 and 5.4 above, the cost to produce        
1 kWh electric power can be found depending on the energy sources as shown in 
following Table 5.5. 
Table 5.5 Unit Price Comparison of Energy Sources   
Unit Source Price 
1 kWh Shore-side (National Grid)                                                            $ 0.15 
1 kWh LS MGO (Aux. eng.) = $1,002.97/(1,000 kg * 4.44) :         $ 0.23 
Balance = 0.23 – 0.15 :                      $ 0.8 per kWh 
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VI. IMPACT OF EMISSIONS ON HEALTH AND ENVIRONMENT WITH 
EXTARNALITY COSTS 
 
6.1. A General View of Ship Emissions  
Like all engines which are combusting fuel oil to produce mechanical or electrical 
energy, ship engines also cause exhaust gases and release them into air while burning 
oil. These gases are grouped into 2 classes: One is known as Greenhouse Gases 
(GHG) and other one is known as air pollutants.  
The type of emissions which are sourced by ships can be seen in the following Figure 
6.1. 
 
Figure 6.1 Overview of the ship engine exhausts emissions 
Source: Mueller, Uibel, Takemura, Klingelhoefer and Groneberg, 2011 
The primary reason for the climate change globally is effects of human activities. 
GHG emissions from the burning of fossil fuels are contributing to the amount and 
rate of climate change. In addition, a significant number of major GHG which are 
Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide (N2O) have been released 
by ships into atmosphere, and GHGs damage the ozone layer and affect the 
52 
 
environment negatively. GHG emissions also increase the greenhouse effect and 
raise the Earth’s surface temperature. GHGs, thus, cause the following disasters 
(EPA, 2013): 
 Rainfall patterns 
 Polar icecap retreat 
 Sea level rise 
 Changes in ecosystems supporting human, animal and plant life 
 Human health impacts 
 Ocean acidification 
On the other hand, when considering the second group of exhaust gases, which are 
known as air pollutants, they consist mainly of Sulphur dioxide (SO2), Nitrogen 
oxides (NOx), Particular Matters (PM), Carbon monoxide (CO) and Volatile organic 
compounds (VOC). Air pollutants have serious impacts on human health like 
bronchitis, asthma and lung cancer (WHO, 2011).  
From the perspective of Turkey, releasing of air pollutants is limited by some 
regulations in compliance with the limitation defined by World Health Organization 
(WHO). In the context of this study, air pollution levels measured by specific air 
quality stations around the Sea of Marmara have been taken into account.  
Details of the impacts of air pollutants on human health and comparison with 
allowed limits in the recent findings for Istanbul have been summarized in Table 6.1 
based on two official reports.  
The first report was written by the Chamber of Turkish Doctors' Union (TDU) in 
order to analyse air pollution found on the coasts of the Sea of Marmara. Here, also 
impacts of air pollutants have been examined. The second one has been prepared by 
the Ministry of Environment and Urbanisation (MEU) to measure urban air quality in 
Istanbul. It could be beneficial to understand the current situation of air quality in 
Istanbul before calculating ship emissions in the case study. 
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Table 6.1 Impact of air pollutants and Istanbul air quality 
AIR 
POLLUTANT 
CAUSE 
ALLOWED LIMIT ISTANBUL 
(2011) WHO Turkey 
SO2 
Respiratory tract irritation, 
cardiovascular disorder 
50μg/m³ 
(year) 
250 μg/m³ 
(year) 
8 μg/m³ 
NOx 
Asthma, eye irritation, 
respiratory tract infection 
200 μg/m³ 
(hour) 
600 μg/m³ 
(hour) 
138 μg/m³ 
PM 
Allergies, respiratory tract 
irritation, cardiovascular 
disorder 
50 μg/m³ 
(general) 
150 μg/m³ 
(general) 
45 μg/m³ 
CO 
Mortality, coma, eye 
irritation, nausea, low birth 
weight, vertigo 
- - 804 μg/m³ 
VOC 
Cancer, Respiratory tract 
irritation, nausea, vertigo 
- - - 
 
Source: TDU, 2012 & MEU, 2011  
Later on the review of ship emission impacts on human health and the environment, 
some figures related to exhaust emissions from ships which were estimated by IMO 
for worldwide shipping and Turkish Statistical Institute for national GHG report 
submission have been tabulated respectively as Tables 6.2 and 6.3. 
Table 6.2 Worldwide exhaust emissions from total shipping by years (million ton) 
 
Source: IMO GHG, 2009 
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Table 6.3 Exhaust emissions from water-borne navigation in Turkey (thousand ton) 
 
Source: TSI GHG, 2013 
As a result, water-borne navigation in Turkey has contributed to the total emissions 
on a global basis 6 Million ton (2011) under the 1% when comparing emission levels 
of international shipping 1093 Million ton (2007) even though the comparison years 
are different (see Tables 6.3 and 6.4). 
6.2. Estimation of Air Pollutants and GHG Emissions from Ships 
In principle, ships can produce emissions in three phases: Cruising, manoeuvring and 
hotelling phases through their main and auxiliary engines. For the purpose of this 
study, only the hotelling phase will be investigated according to boundaries defined 
in Chapter 1.3. During the hotelling period, ships use the auxiliary engines to 
generate electricity while berthing at port. In a reference study performed by 
ENTEC, ship emissions in port have been formulated as below: 
Emissions per port call = (Avg. Berthing Time) x (Avg. Load, kW) x (Fuel 
Consumption, g/kW) x (Emission Factor, g/kg fuel) 
In order to estimate emission values caused by burning fuels, not only berthing times 
of each ship but also special emission factors are needed for each exhaust gas. These 
factors can be various according to type and quality of fuel oils and age, maintenance 
period and technology of ship engines. Therefore, regarding the specific emission 
factors of ship engines, many scientific articles and case studies were found in the 
formal literature review. In this study, all popular emission factors with respect to the 
publishing year have been analysed to find more realistic figures in order to be used 
in the case study which will be placed in the coming chapter. 
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Particularly, the academic studies and project reports (for 0.1% sulphur MGO which 
was consumed from auxiliary engines of container ships during the hotelling period) 
have been considered to find useful emission factors. The results of the studies have 
been summarised in Table 6.4. 
Table 6.4 Compression of emission factors for AE at berth by studies and years 
0.1% MGO EMISSION FACTORS CALCULATION METHODS 
 
GHG AIR POLLUTANTS 
YEAR REFERENCES FACTOR CO2 CH4 N20 SO2 NOx PM CO VOC 
1995 
LLOYD 
REGISTER 
g/kg fuel - - - 2,00 - - 7,4 - 
2001 COOPER g/kg fuel 3662 0,0620 0,2150 2,01 54,3 1,71 11,04 1,71 
2002 ENTEC g/kg fuel 3180 - - 5,07 64,0 1,38 - 1,84 
2003 OONK at al g/kg fuel 3173 - - 2,00 68,1 2,10 12,20 - 
2003 COOPER g/kg fuel 3050 - - 1,53 77,0 1,49 3,48 0,72 
2003 ENDRESAN et al g/kg fuel 3170 0,3000 0,0800 2,00 57,0 1,20 7,40 2,40 
2004 COOPER et al g/kg fuel 3179 0,0184 0,1430 2,00 62,4 0,92 4,12 0,91 
2005 ENTEC g/kg fuel 3318 0,0460 0,1430 2,12 54,3 1,38 6,00 1,84 
2006 EUROMAX g/kg fuel 3140 - - 5,00 68,0 2,10 12,15 2,61 
2006 EPA g/kg fuel - - - 1,89 64,0 1,93 5,07 1,84 
2007 ENTEC g/kg fuel 3180 - - 4,15 60,0 1,38 - 1,85 
2007 STARCREST g/kg fuel 3180 0,4140 
 
1,84 64,0 1,15 5,07 2,40 
2008 FRIDELL et al g/kg fuel 3210 - - - 66,6 1,30 10,50 3,00 
2009 
TexAQSII 
(WILLIAMS J) 
g/kg fuel - - - 6,30 61,5 - 11,00 - 
2009 EPA (ICF) g/kg fuel 3183 0,0184 0,1420 1,94 64,0 1,70 5,07 1,84 
2009 IMO GHG g/kg fuel 3190 0,3000 0,0800 2,00 56,0 1,10 7,40 2,40 
2010 TROZZI g/kg fuel - - - - 62,0 1,40 - 1,80 
2010 
HULSKOTTE and 
DENIER 
g/kg fuel 3173 - - 2,00 68,1 2,10 12,20 2,60 
Hereby, all results are compared and average numbers are found and accepted as 
emission factors for the aim of this dissertation in Table 6.5. 
Table 6.5 Reference emissions factors  
0.1% LS MGO EMISSION FACTORS ( ACCEPTED) 
FACTOR 
GHG AIR POLLUTANTS 
CO2 CH4 N20 SO2 NOx PM CO VOC 
g/kg fuel 3213,429 0,166 0,134 2,741 63,019 1,521 8,007 1,984 
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6.3. A General View of Power Plant Emissions 
Each unit of electric energy generated in Turkish power plants is served across all 
Turkey through the national grid and even the power plants are placed in different 
cities from the users’ area. 
Consequently, the source of electricity is spread out over a wide range area when the 
cold ironing system has been considered for Turkish ports. Thus, emission factors of 
electricity generation for each kWh can be deducted from LS MGO emission factors 
(g/kwh) in order to estimate correctly the total abatement of ship emissions during 
the hotelling period at berth while using shore-side electric power. Further a rational 
impact analysis should be made of the emissions on human health and environment 
near urban areas around the port. 
In Figure 6.2, the distribution of electricity generation has been illustrated by 
percentage according to the installed power and fuel source based on the report of the 
Turkish Electricity Transmission Company (TETC). 
 
 
Figure 6.2 Distribution of electricity generation by fuel consuming in Turkey, 2012 
Source: TETC, 2012 
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According to the figures (see Figure 6.2), in Turkey the usage rate of coal to generate 
electricity is almost 22% (14.35% lignite, 1.2% bituminous and 6.73% 
subbituminous). Because coal contains a high level sulphur, power plants are 
modified to minimize sulphur emissions by new technologies. The most well-known 
technology in this field is the Integrated Gasification Combined Cycle (IGCC). This 
process has been defined by Ola Maurstad as follows:  
The integrated gasification combined cycle (IGCC) produces electricity from 
a solid or liquid fuel. First, the fuel is converted to syngas which is a mixture 
of hydrogen and carbon monoxide. Second, the syngas is converted to 
electricity in a combined cycle power block consisting of a gas turbine 
process and a steam turbine process which includes a heat recovery steam 
generator (HRSG) (Maurstad, 2005). 
By the help of IGCC technology the major part (>90 %) of the sulphur contents of 
coal are absorbed by hydrogen and converted to hydrogen sulphide (H2S). The rest of 
the sulphur is also converted to carbonyl sulphide (COS). Thus, SOx is essentially 
absent in the syngas. Nearly 99.8% of the coal sulphur might be eliminated in the 
acid gas removal process (Maurstad, 2005).  
 
6.4. Estimation of Air Pollutants and GHG Emissions from Power Plants 
According to the report of TETC, almost half of the power plants in Turkey which 
consume coal while generating electricity have been already modified with IGCC 
technology, and the rest of them were also planned to be converted in the near future 
(TETC, 2012). 
In the light of this information, emission factors of fuels which are used by power 
plants could be found in Table 6.6 by following the study done by Argonne National 
Laboratory in 2012 for the US Department of Energy. 
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Table 6.6 Emission factors of gasses caused by generation of electricity by fuel type. 
(g/kWh) 
COAL Natural 
Gas 
Fuel Oil Diesel 
lignite bituminous subbituminous 
CO2 901.8 829.1 864.2 631.2 791.1 1179.3 
CH4 0.01161 0.01078 0.01148 0.01253 0.03058 0.05075 
N2O 0.01723 0.01583 0.01711 0.00143 0.0059 0.01018 
NOx 0.75184 0.83962 0.77258 0.83724 1.35301 1.79151 
SOx 1.88299 2.43893 1.48558 0.00449 3.2991 4.816 
PM 0.13151 0.119385 0.036835 0.03528 0.13979 0.11794 
VOC 0.01447 0.00878 0.010205 0.02714 0.02555 0.03897 
CO 0.12564 0.10018 0.112125 0.4076 0.02557 0.25638 
Source: Cai, Han, Wang and Elgowainy 2012 
Herewith, after analysing emission factors for producing electricity from power 
plants in Turkey according to fuel types, the main emission factors which are 
necessary to compare with emission factors of auxiliary engines of ships have been 
found per kWh as shown in Table 6.7 by considering percentages of fuels in total 
electricity generation in Table 6.2. 
Table 6.7 Emissions factors of electricity generation per kWh in Turkey (year 2012) 
 
CO2 CH4 N2O NOx SOx PM10 VOC CO 
g/kWh 442 0.00780 0.00447 0.50217 0.48343 0.03881 0.01318 0.17283 
 
6.5. Difference in the Amount of Emissions between Power Plants and Ships 
When the ships prefer to use cold ironing systems in port facilities as an alternative 
maritime power instead of burning fuel oil in the auxiliary engines, there will be a 
dramatic reduction in the amount of air pollutants and GHG emissions released from 
ships up to 100% because of the nonworking auxiliary engines. Even though this 
seems very beneficial to increase air quality for near urban areas around the port, 
actually it is very hard to conclude without comparing emission factors of shore-side 
electricity from the national grid.  
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For this reason, at this stage in the study there will be a comparison between power 
plants and low sulphur MGO to generate one unit of electric power (kWh) in order to 
determine which source is more helpful to reduce emissions and raise air quality.  
The result of this comparison will also be an important indicator for ships to choose 
the cold ironing system. 
The result found in the previous Chapter 5 shows “1 kg MGO can generate 
approximately 4.44 kWh of electricity by being combusted in auxiliary engines of 
ships.” According to this result, MGO emission factors in Table 6.5 can be converted 
easily to g/kg fuel to g/kWh. Then, two different energy sources could be compared 
with each other to reveal the difference in amount of exhaust emissions as seen in 
Figure 6.3. 
 
Figure 6.3 Emissions of gasses from power plants and ships per g/kWh. 
 (Blue bars stand for power plants and red bars stand for LS MGO) 
 
According to Figure 6.3, to use electricity directly from the national grid instead of 
LS MGO in auxiliary engines will dramatically reduce total emissions released into 
the air space in Turkey, and it will contribute making air quality better. 
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6.6. External Costs of Ship Emissions for the Environment and Human Health 
At the end of 2012, the total health expenditures reached 44 billion TL by increasing 
22% as the figures of 2011 in Turkey (TEPAV, 2012). Ship emissions have an 
important place in the total expenditure of health problems caused by emissions of 
air pollutants. 
Principally, many methods to estimate external cost of air pollution caused by ship 
emissions could be found in literature reviews quite easily. However, the difficult 
thing is to make a right choice among these various estimation models.    
Under the 6
th
 framework programme a project was developed, namely “A New 
Environmental Accounting Framework Using Externality Data and Input-Output 
Tools for Policy Analysis” (EXIOPOL). The project started in March 2007 and 
remained until March 2011. EXIOPOL pursues two main objectives. On the one 
hand, it focuses on the theoretical-mathematical concepts of linking environmental 
extensions (EE) to the framework of Supply-and Use-Tables (SUT) for 43 countries 
(EU-27 Member States and 16 non-EU countries including Turkey) which have been 
developed based on economic activities and linked via trade data and extended by 
environmental factors, such as resource depletion and emissions. On the other hand, 
research in the field of externalities has been encouraged, i.e. the impacts of human 
actions on different aspects of the environment are identified and valued in monetary 
terms (EXIOPOL, 2011). 
The project has been providing monetary values for the environmental extensions for 
the emissions of a number of substances into the air. These values will be provided in 
Euro per tonne of emitted substance and will be divided into damages to human 
health, damages to the ecosystem and the impact on climate change. 
The related findings of EXIOPOL as summarized in Table 6.8, and full monetary 
results can be seen in Appendix-B of this study. 
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Table 6.8 External cost factors (in Euro2000) per ton for transport 
POLLUTANT HUMAN HEALTH ECOSYSTEM QUALITY CLIMATE CHANGE TOTAL 
SO2 6,300 200 0 6,500 
NOx 5,700 1,000 0 6,700 
PM 350,000 0 0 350,000 
CO 29 0 33 62 
VOC 940 -70 0 870 
CO2 0 0 21 21 
N2O 0 0 6,200 6,200 
CH4 0.51 0 480 480.51 
Source: EXIOPOL, 2010 
Here, even though the Euro is used as money currency, its value refers to 2000 in 
order to evaluate all data from all member countries. Thus, when these figures are 
required to make any calculation, then the current money values of the Euro should 
be calculated by using inflation rates. Because of that, EURO2000 has been converted 
to USD2010 to benefit related assumptions in the context of this study (see Table 6.9).  
Table 6.9 EURO / USD Cost Parity and Inflation Rate Calculation  
 
Currencyyear   
Currencyyear Reference 
1.0000 EUR2000 = 0.9236 USD2000 www.fxtop.com 
1.0000 USD2000 = 1.3300 USD2012 www.usinflationcalculator.com 
1.0000 EUR2000 = 1.2284 USD2012 This Study 
Results of externalities have been converted in USD for 2012 in Table 6.10. 
Table 6.10 External cost factors (in USD2012) per ton for transport 
 
POLLUTANT HUMAN HEALTH ECOSYSTEM QUALITY CLIMATE CHANGE TOTAL 
SO2 7,738.84     245.68     0 7,984.52     
NOx 7,001.81     1,228.39     0 8,230.20     
PM 429,935.80     0 0  429,935.80     
CO 35.62     0 40.54     76.16     
VOC 1,154.68     85.99     0 1,068.70     
CO2 0 0 25.80     25.80     
N2O 0 0 7,616.01     7,616.01     
CH4 0.63     0 589.63     590.25     
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VII. CASE STUDY: MARPORT CONTAINER TERMINAL 
 
7.1. Study Area 
7.1.1. The Sea of Marmara 
The main purpose of this dissertation is to analyse the cold ironing system based on 
the efficient using of on-shore electricity power instead of marine fuel while ships 
are at berth to reduce exhaust emissions in a rational project for a container port 
depending on actual data in Turkey. Herewith, the Sea of Marmara has been selected 
in the context of study area in all aspects such as geographical and legal. 
From the geographical aspect, the Sea of Marmara is located between the 
Mediterranean Sea and the Black Sea and in the North-West part of Turkey as a 
domestic sea. Because of that, the Sea of Marmara has always remained important in 
the history of merchant marine to be a unique and main route in the world for the 
vessels which want to pass from the Mediterranean Sea to the Black Sea or vice 
versa through Istanbul and Canakkale or briefly the Turkish Straits. This specific 
position creates high vessel traffic density. According to VTS data, every year more 
than 50.000 sea-going vessels visit the Sea of Marmara without the number of 
domestic vessels. Including domestic traffic such as ferries, fishing boats, yachts, 
recreational craft and sea taxies, marine traffic density of the Sea of Marmara has 
reached very high points (Ministry of Transport, 2012). 
From the legal aspect, the Turkish Maritime Authority published a regulation namely 
“Regulation on Reduction of Sulphur Rate in Some Types of Fuel Oils” on the use of 
fuel containing no more than 0.1% sulphur in ships while at berth in parallel with 
Directive 2005/33/EC of the European Parliament and of the Council of 6 July 2005 
amending Directive 1999/32/EC.  
According to the latest revision of the Turkish Regulation, inland vessels and all the 
vessels at berth, regardless of their flag, shall use marine fuels with a sulphur 
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content of not more than 0.1% by mass, by 1 January 2012. So vessels are not 
allowed to consume any fuel oil containing more than 0.1% sulphur during port 
activities in the Sea of Marmara.   
To sum up, in the light of aforementioned aspects, the Sea of Marmara is the area 
best fit to study the cold ironing system in Turkey. According to handling capacity 
and berth throughput, as a high-efficient container port, the Marport Container 
Terminal, which is placed in Ambarli Port Complex, comes into prominence among 
all the port facilities within the Sea of Marmara. Therefore, Marport Container 
Terminal under the Ambarli Port Complex in the Sea of Marmara has been 
determined the study area of the cold ironing system to serve the purpose of this 
dissertation (see Figure 7.1). 
 
Figure 7.1 Overview of the study area in Turkey Map 
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7.1.2. Ambarli Port Complex 
“Altas Ambarli Liman Tes. Ticaret A.S.” (Ambarli Port Complex) is the main port 
facility in the Marmara region. This complex is composed of 7 different and private 
terminals (see Figure 7.2). Ambarli Port Complex is a joint-service and coordination 
company of terminals and has a general management which is responsible for 
general management, infrastructure, planning, geologic studies, security and 
environmental arrangements of areas used collectively by 7 different terminals 
operating in the port complex (www.altasliman.com). 
 
Figure 7.2 Overview of Ambarli Port Complex and Terminals 
Source: Retrieved from www.altasliman.com 
Ambarli Port Complex is also the most important gateway of Istanbul to the world. It 
mainly handles containers, as well as general cargoes, bulk liquid cargoes and Ro-
Ro. The Total handling volumes of all ports in general continue to increase following 
the decline in 2009 after the economic crisis.  
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According to Figure 7.3, the container cargo movements at Ambarli Port Complex 
increased by 14.8% in 2012 compared to the previous year, reaching 3.1 million 
TEUs. The port broke its own records in container handling volume broken by the 
port itself every year for the last three years. Ambarli Port Complex accounted for 
approximately 43% of all container movements in Turkey during 2012. Ambarli Port 
Complex provided handling services to a total of 5,193 vessels during 2012 
(Karadeniz, 2013). 
 
Figure 7.3 Ambarli Port Complex container handling figures by years. 
Source: Marine & Commerce, 2013 
 
7.1.3. Marport Container Terminals 
Marport is one of the biggest container ports in the Sea of Marmara inTurkey with its 
3 berths with a total length of 1,560 m and with the equipment of 9 SSG and 35 RTG 
in 340,000 m
2 
container yard area (see Figure 7.4). 
The background of the Marport container terminal started in 1996 when the Marport 
East Terminal came into service. After that, Marport has enlarged when the Marport 
Main Terminal came into service in 2001 and finally the Marport West Terminal was 
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included to the main structure in 2003. After the completion of the West Terminal's 
modernization project, Marport's annual throughput capacity has reached 1,900,000 
TEU (www.marport.com.tr). 
When the container terminal expansion and modernization project in the Main 
Terminal were completed in 2004, the quay and loading area capacity of Marport has 
been increased. Therefore, the annual container handling capacity of the Main 
Terminal has reached to 770,000 TEU, which is capable of accommodating post 
panamax vessels with capacities in excess of over 4,000 TEU (www.marport.com.tr). 
 
Figure 7.4 Overview of Marport Terminals 
Source: Retrieved from www.marport.com.tr 
 
Marport Container Terminals’ specifications have also been reflected in Table 7.1. 
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Table 7.1 Details of Marport Container Terminals 
  MARPORT MAIN TERMINAL MARPORT WEST TERMINAL 
Geographic Position 40' 57'' North, 40' 57'' North, 
  28' 40'' East 28' 40'' East 
Type of Freight Handled Container  Container  
Property     
Total Area 170,000 m²  170,000 m²  
Stacking Capacity 12,520 TEU 12,165 TEU 
Handling Capacity 950,000 TEU/Year  950,000 TEU/Year  
Refrigerated Container Capacity 332 (380V) 160 (380V) 
CFS Area 10,000 m²  7,425 m²  
Warehouses 3,780 m²  700 m²  
Covered Area 4,977 m²  697 m²  
Length of Piers 800 M  760 M  
Quay Drafts 14.5 M 16.5 M 
Pier Cranes     
Ship to Shore Gantry Crane 6 3 
Mobile Harbour Crane 1 6 
Pilotage Times 24 Hours 24 Hours 
Terminal IT System Navis Navis 
   
   
Source: www.marport.com.tr 
On the other hand, Marport is the first private port serving as a container terminal in 
Turkish coasts, and it has been carrying on successfully its leader position in the 
private port sector.  As an important indicator to evaluate achievements of ports, total 
container handling figures of Marport from 2006 to 2012 can be seen in Table 7.2. 
Table 7.2 Marport container throughput figures by years  
TEU THROUGHPUT 2006 720,603 
TEU THROUGHPUT 2007            798,059     
TEU THROUGHPUT 2008 1,252,939     
TEU THROUGHPUT 2009 1,159,249     
TEU THROUGHPUT 2010 1,663,551     
TEU THROUGHPUT 2011 1,548,480     
TEU THROUGHPUT 2012 1,583,887     
Source: www.marport.com.tr 
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The major performance indicator to evaluate throughput of ports is Berth Occupancy 
Rate (BOR). This indicator is a ratio of annual total cargo handling capacity and total 
handled cargo in one year (Moon, 2013). 
In the light of the handling capacity given as 1,900,000 TEU, the result was that 
Marport worked with 83% BOR for the year 2012.  
For the purpose of this study, a port which works by 83% BOR will be a good role 
model due to the intensive ship traffic in order to investigate the cold ironing system 
as a pilot project in Turkey.  
To sum up, Marport Container Terminals were chosen properly for the case study of 
this study.    
 
7.2. Data Analysis 
7.2.1. Vessels Characteristics 
Data about vessels were obtained in three different ways. The first way is raw data 
directly from Marport record system. Data information is based on time and handling 
figures but without technical engine specifications. The second way is using ship-
owner’s authorised agents through Marport to find missing technical details. The last 
and third way is Harbour Master records. Here the main purpose is to cross-check 
validity of data from multiple sources. Thereafter, all data have been classified and 
sorted out from incorrect information. Then next step was to control recorded data 
with the class societies of each ship for the reliability of the analysis. Finally, all data 
were tabulated in order to analyse statistically and mathematically. It could be 
considered that the raw data is composing of 1860 rows * 18 columns cells as in 
Appendix-C. 
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Based on the data provided by Marport, it appears that 170 different container 
vessels called the port totally 1860 times during 2012. To brief specification of these 
vessels can be seen in Table 7.3. 
Table 7.3 Number and details of ships visiting Marport in 2012. 
SHIPS INFO 
NUMBERS 
TOTAL CALL of SHIPS 1860 
DIFFERENT SHIPS 170 
SIZES 
 
MAX MIN AVERAGE 
GRT 153.115,00 1.720,00 37.273,72 
LOA (m) 366,37 81,10 204,22 
TEU CAPACITIY 14.036 112,00 3.286,00 
MCR MAIN ENGINE POWER (kW) 72.240 737 23.335,74 
TYPES 
OCEAN GOING (above 140m)  152 
FEEDER (140m and below) 18 
 
In principle, ships’ auxiliary engine details have not been recorded fully from all 
sources. Then another investigation was carried out via the web pages of each related 
class societies which are listed in alphabetical order: 
 American Bureau of Shipping (ABS) : 12 ships from all  
 Bureau Veritas (BV)    : 17       “  “ 
 Det Norske Veritas (DNV)   : 5        “  “ 
 Germanischer Lloyd (GL)   : 92       “  “ 
 Lloyd's Register (LR)   :7          “  “ 
 Nippon Kaiji Kyokai (NKK)   : 6         “  “ 
 RINA Services     : 3         “  “ 
 Turk Loydu Foundation.    : 1         “  “ 
In the context of this investigation some results come up as follows.  
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1. All class societies record auxiliary engines’ data in different ways. There is 
no similarity in the recording systems. 
2. According to GRT or LOA size, ships use different number of auxiliary 
engines in which there is a range between 2 and 6. However, in general, only 
one auxiliary engine is being used to generate the required electricity. 
3. The power range of these auxiliary engines is from 75 kW to 5000 kW with 
50 hertz or 60 hertz. However, the last studies on auxiliary engines show that 
during the time of berthing, vessels run their generators in very low 
performance, just the level of 15% approximately (IMO GHG, 2009). 
Other details about ships can be found in Appendix-C to this study. 
7.2.2. Auxiliary Engine Details  
In the scope of this study, all auxiliary engine details of 170 different container ships 
called at Marport within 2012 have been collected and examined in order to 
understand their electrical systems and combustion process of marine gas oils. 
Unfortunately, the data collection in this field is very difficult even if the auxiliary 
engine records have been checked from each class society.  Only the numbers of 
engines, the number of cylinders for some engines, and maximum and continuous 
output powers ratios could be listed. No details could be found on electrical systems 
such as frequency and voltage features because of the lack of recordings.   
According to the handled data, a summary of details for auxiliary engines has been 
listed in Table 7.4.  
Table 7.4 Auxiliary engines details of the ships  
AUXILIARY ENGINES INFO 
MAX NUMBER OF AE (in one ship) 5 
MAX  OUTPUT POWER (kW) (of one engine) 4144 
MIN OUTPUT POWER (kW) (of one engine) 212 
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7.2.3. Time-Related Data 
On the other hand, when data for time comes to the front Table 7.5 shows the total 
and average berthing time which was spent by the vessels in 3 berths through the 
year 2012. 
Table 7.5 Information on time of ships for berthing in 2012. 
TIME INFO 
TOTAL BERTHING TIME (hour/year) 28,268.00 
AVERAGE BERTHING TIME (hour/year*ship) 166.28 
MAX BERTHING TIME of a SHIP (hour/year) 1,579.80 
MIN BERTHING TIME of a SHIP (hour/year) 3.80 
 
7.3. Calculation of Basic Indicators 
7.3.1. Calculation of Energy Needed 
Total fuel consumptions of 170 ships’ auxiliary engines during all berthing time 
(28,268 hours) and the equivalent electricity energy have been calculated as shown in 
Table 7.6 by following the formula in Tables 5.3 and 5.4; and applying to each 
container ship in Appendix-C. 
Table 7.6 Fuel consumption of ships while hotelling in Marport, 2012 
CONSUMPTION INFO 
ENERGY AMOUNT 
TOTAL LS MGO (ton) 4,883.79 
TOTAL ELECTRICITY POWER (mW/h) 21,733.84 
 
7.3.2. Calculation of Energy Costs 
According to results in Table 7.6, costs of the energy by source have been calculated 
as shown in Table 7.7 based on results in Chapter 5.1 Economic Variables. 
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Table 7.7 Total fuel consumption and equivalent power figures 
CONSUMPTION INFO 
ENERGY AMOUNT PRICE (USD) 
TOTAL LS MGO (ton) 4.883,79 4.898.295,37 
TOTAL ELECTRICITY POWER (mW/h) 21.733,84 3.204.435,44 
BALANCE - 1.693.859,93 
7.3.3. Calculation of Amount of Emission 
The reference formula: 
Emissions per port call = (Avg. Berthing Time) x (Avg. Load, kW) x (Fuel 
Consumption, g/kW) x (Emission Factor, g/kg fuel 
is applied to estimate exhaust emissions produced by the 170 container ships’ 1860 
visits at Marport in 2012 according to type and class of each exhaust gas. LS MGO 
has been considered as consumed fuel. Results can be seen in Tables 7.8 and 7.9. 
Table 7.8 Total amount of ships exhaust emission by types  
EMISSIONS BY TYPE (ton) 
SO2 NOx PM CO VOC CO2 N2O CH4 
13,38 307,77 7,43 39,10 9,69 15.693,71 0,65 0,81 
 
Table 7.9 Total amount of ships exhaust emission by class 
EMISSIONS INFO BY CLASS (ton) 
AIR POLLUTANT GHG TOTAL 
377,38 15.695,17 16.072,55 
 
On the other hand, if power plants are considered as the main energy source to 
provide electricity needed by ships while hotelling at berth in the context of the cold 
ironing system, another estimation is required to measure total emissions released 
due to electricity generation by combusting different types of fuel sources in the 
power plants. Hereby, emissions factors referred to in Table 6.5 and Table 6.7 have 
been used for an estimation model of power plant emissions caused by electricity 
generation. In this respect, results for power plants are found in Tables 7.10 and 7.11. 
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Table 7.10 Total amount of power plant emissions by types 
EMISSIONS BY TYPE (ton) 
SO2 NOx PM CO VOC CO2 N2O CH4 
10,51 10,91 0,84 3,76 0,29 10.432,24 0,10 0,17 
 
Table 7.11 Total amount of power plant emissions by class 
EMISSIONS INFO BY CLASS (ton) 
AIR POLLUTANT GHG TOTAL 
26,31 10.432,51 10.458,82 
 
For the purpose of the case study, to calculate a rational amount of emissions after 
using the cold ironing system, the difference in the amount of emission preferring 
electric power rather than LS MGO in container ships should be calculated based on 
the results found here (see Tables 7.12 and 7.13). 
Table 7.12 Difference in amounts of emissions by using electricity rather 
than MGO  
 
DIFFERENCE IN AMOUNT OF EMISSIONS BY TYPE (ton) 
SO2 NOx PM CO VOC CO2 N2O CH4 
2,88 296,86 6,59 35,35 9,40 5.261,47 0,56 0,64 
 
Table 7.13 Difference in amounts of emissions by using electricity rather 
than MGO  
DIFFERENCE IN  AMOUNT EMISSIONS BY CLASS (ton) 
AIR POLLUTANT GHG TOTAL 
351,07 5.262,66 5.613,74 
 
Finally, to compare the findings of this study with the previous studies in the 
literature review will make it easier to analyse the results. 
Particularly, the studies which were performed on ship emissions concerning the Sea 
of Marmara and Istanbul coasts are chosen in order to compare results as follows. 
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Table 7.14 Estimated Amount of Ship Emissions (ton/year) 
Region NOx SO2 PM 
Marmara Sea
 
605,206 494,681 53,290 
Ambarli Port
 
845 242 36 
Source: Kılıç, 2009 
Table 7.14 presents some exhaust emissions from ships near the case study area. 
According to the figures in the table, it is possible that container ships while hotelling 
at berth in the Marport container Terminal produce approximately one third of total 
emissions released by ships in the Ambarli Port Complex. For the Sea of Marmara, 
these figures are very tiny to make a comparison. Herewith, also other findings for 
the Istanbul Strait which is shown in Table 7.15 can be compared with this study. 
Table 7.15 Estimated Amount of Ship Emissions (ton/year) 
Type NOx SO2 PM CO VOC 
All Cargo Ships 27,050 15,686 1,822 1,199 464 
All Local Ships 2,009 273 79 174 32 
Container Ships 2,771 1,583 183 121 47 
Source: Markakis et al, 2012 
7.3.4. Calculation of External Costs 
External costs of air pollutants and GHG after the cold ironing system came into 
effect have been calculated as shown in Tables 7.16 and 7.17 according to previous 
findings referred to in Chapter 6.6 of this study. 
Table 7.16 External costs of emissions by types (in USD2012) 
EMISSIONS COST INFO BY TYPE (USD) 
SO2 NOx PM CO VOC CO2 N2O CH4 
4,686.22 507,309.52 587,672.14 558.78 2,086.61 27,913.90 879.37 78.22 
Table 7.17 External costs of emissions by class (in USD2012) 
EMISSIONS COST INFO BY CLASS (USD) 
AIR POLLUTANT GHG TOTAL 
1,102,313.28 28,871.49 1,131,184.77 
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7.4. Cold Ironing Reference Design Model for Marport 
The study which was carried out by Chalmers University in cooperation with ABB 
Co. contains a similar case when compared to the Marport Terminal. This will be a 
reference model for the purpose of this study. Specifications of the reference model 
are listed in Table 7.18. 
Table 7.18 General features of the reference model 
 Title Details 
1 Port Type Container Terminal 
2 No of Berth 5 
3 Length of Berth 300 x 5 = 1500 m 
4 
Shore-side power 
supply 
6.6 kV, 7.5 MVA 
5 Connection points 3 (each separated 70 m apart from others)  
6 Outlets 2 for each connection point 
 
Container ships use a high voltage connection with 6.6 kV, 7.5 MVA.  According to 
the reference model mentioned above: 
  The cable and reel system are going to be supplied by the container ships.  
 An obligatory transformer for galvanic isolation between the shore and the 
ship should be placed on the berth,  
 Each ship will connect to only one transformer.  
 The connection frequency is set to 60 Hz, so a frequency converter is 
required in the port. (Ericsson & Fazlagic, 2008) 
The design configuration which is recommended for a shore-side connection 
depending on the reference model is illustrated in Figure 7.5, and explained in Table 
7.19. 
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Figure 7.5 Overview illustration of the recommended design configuration for shore-
side power supply. 
Source: Ericsson & Fazlagic (2008) 
Table 7.19 Equipment required for the reference model design 
Position Definition Size/ No Including Brand Specifications 
1 
Main Substation 
Building 
28 x 15 m = 
420 m2 
Frequency 
converter 
ABB PCS 
6000 
6-11 MVA, 3.7kV 
Double busbar 
switchgear 
UniGear 
ZS1 
50-60 Hz distributer 
1 station 
per port 
Suitable up to 24 kV 
Circuit-breaker 
ABB HD4 
SF6 
- 
2 
Cable 
arrangement 
5 km 
underground 
cables  
- preferably on 24 kV 
3 
Shore-side 
transformer 
station 
5 x 2,6 m    
= 13 m2 
(approx) Transformer 
Resibloc      
dry-type 
a galvanic separation 
50 Hz & 60 Hz 
1 station 
per berth  
7.5 MVA, 6.6 kV 
Switchgear Uniswitch 
smaller switchgear 
12 kV 
4 
Shore-side 
connection 
arrangement 
3 sets per 
berth 
Connection box Cavotec 
Suitable if gap less than 1 m 
between waterside crane 
rail and the berth-side 
Fiber optic communication 
cable 
Connection 
cable 
Cavotec 350 A, 4MVA, 6.6 kV 
5 Ship connection requirements 
(6) Shore-side power supply control SCADA supervise control system 
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How the equipment will be adapted to the port land within the possible system 
design scheme is illustrated in Figure 7.6. This scheme aims only to show a sample 
plan, and is not based on a real physical study done in Marport. 
 Figure 7.6 Marport Design Scheme to be a full green port  
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On the other hand, container ships often need the SSG type cranes to handle 
containers easily from shore to ship and vice versa. This type of cranes usually runs 
on the railways which occupy the full length of the berth. The SSG, therefore, create 
a restriction to the flexibility of the electrical connection to the ship, so no fixed 
electrical infrastructure can be installed that restrain the availability of the crane. The 
free space between the crane’s outer rail and the side of the quay is approximately 1 
meter (see Figure 7.7). 
  
Figure 7.7 Distance between crane and quay side in Marport. 
Source: Retrieved from https://www.facebook.com/MarportLimani 
Since there is only 1 meter available space between the SSG crane and quay wall, a 
reel cable system on board (2
nd
  Model), as shown in previous Figure 4.8 will be 
installed in order to prevent cable connections to restrict container handling 
operations.  
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7.5. Cold Ironing Investment Cost for Marport 
7.5.1. Unit Price Calculation 
The reference model presents a very rational cost estimation for all the equipment 
needed for the installation thanks to the ABB which is an eligible company in this 
field. According to the reference model, unit prices (as proportioned) of the system 
elements have been listed in following Table 7.20. 
Table 7.20 Unite prices of the system elements 
Components Unite Detail Price (€) 
Main substation building 
Frequency converters 5 MVA 975,000 
Switchgear and breakers - 220,000 
Transformers 5 MVA 100,000 
Control and protection relays - 450,000 
Shore-side transformer station and connection arrangement 
Switchgear and breaker - 85,000 
Transformer 7.5 MVA 220,000 
Connection box - 25,333 
Cables 
Underground cables 24 kV (1 km) 19,571 
Underground cables 6.6 kV (1 km) 19,500 
Source: Ericsson and Fazlagic (2008) 
 
7.5.2. Optimistic Scenario 
The main substation building, which will include necessary equipment inside such as 
frequency converters, switch gear and breakers, transformers, control and protection 
relays is clearly the biggest cost item in the project. To minimize the cost of the main 
substation building, it has been assumed that this cost will be paid by the 
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management of the Ambarli Port Complex by sharing the total cost into accounts of 
the stakeholders.  
In this case the main substation building will be used by mainly 3 container port 
operators from all the stakeholders. Then, it appears that the management of the port 
complex will share the costs within the 3 users according to their usage potential. 
 KUMPORT has 5 berths for container ships and the total length is 2034 m.  
 MARPORT has 3 berths for container ships and the total length 1080 m. 
 MARDAS has one 2 berths for container ships and the total length 910 m. 
As a consequence, there are 10 berths for container ships which have a total length of 
4024 m. in the Ambarli Port Complex.  
Herewith, the cost sharing of the main substation building can be calculated as in the 
following Figure 7.8; 
 
Figure 7.8 Percentage share for installing of the main substation building 
As a result, Marport will share 30% of the total cost of main building in this case. 
This situation is assumed that as the Optimistic Scenario. Other cost items caused 
by building shore-side systems in berths and cable arrangements will be covered by 
Maport. 
30% 
50% 
20% 
Percentage Share 
MARPORT 
KUMPORT 
MARDAS 
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According to the optimistic scenario, electrical system requirements to install the 
main substation building in the assumption model have been described as follows; 
 The peak power demand for 95% of the ships:        4000 kW 
 The vessels that are to be connected have a power factor:      0.8 to 0.85  
 An apparent power is obtained for each vessel:       4000/0.8 = 5 000 kVA  
 Total power demand for 10 berths:             10 x 5000 kVA = 50 MVA  
Of all container ships that were enrolled in the study;  
 System frequency of 50 Hz on-board container ships:              15% 
 System frequency of 60 Hz on-board container ships:             85% 
 Max 8 ships with 60 Hz simultaneously occupy:           8 berths 
 No need for frequency converter since 50 Hz by national grid:       2 berths  
 Thus, MSB will be equipped:          8 frequency converter  
 8 frequency converters need power:       8 x 5MVA transformers  
Even if 2 berth are enough to ships calls with 50 Hz it should be assumed that 
half of berth can be visited by ships have 50 Hz electrical system just in case; 
 Thus, for 50 Hz ships can demand power      5 x 5MVA transformers 
 In total necessary transformers power:      13 x 5MVA = 65 MVA 
 Shore-side transformer station includes:                       Switchgear and breaker  
Transformer           (7.5 MVA)                                                                                  
3 Connection boxes for 3 berth 
 Finally, connection arrangement:         4.5 km x 24 kV underground cables 
       3.5 km x 6.6 kV underground cables 
 
According to the above assumption model of the optimistic scenario, the costs for the 
project of instalment of the cold ironing system in the Marport Container Terminal 
with the cost of the main substation building are considered to be shared by 3 
terminal operators, which have been tabulated in Table 7.21. 
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Table 7.21 Project cost calculation for Marport in Optimistic Scenario (€) 
PROJECT COST CALCULATION-1 (€) 
Main Item Subs items Number Unite price 
Marport 
Share 
Total 
Main 
Substation 
Building 
Frequency 
converters             
(5 MVA) 
8 975,000 30% 2,340,000 
Switch gear and 
breakers, 
- 220,000 30% 66,000 
Transformers            
(5 MVA) 
13 100,000 30% 390,000 
Control and 
protection relays 
- 450,000 30% 135,000 
SUM 2,931,000 
Shore-side 
transformer 
station and 
connection 
arrangement 
Switchgear and 
breaker 
1 85,000 100% 85,000 
Transformer           
(7.5 MVA) 
1 220,000 100% 220,000 
Connection boxes 3 25,333 100% 75,000 
SUM (ONE BERTH) 380,000 
FOR THREE BERTHS (x3) 1,140,000 
Cables 
Underground 
cables (24 kV) 
4,5 
19,571 
€/km 
100% 88,070 
Underground 
cables (6.6 kV) 
3,5 
19,500 
€/km 
100% 68,250 
SUM 156,320 
TOTAL COST 4,227,320 
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7.5.3. Pessimistic Scenario 
The pessimistic scenario has defined how much expenditure will occur if Marport 
alone pays all the instalment costs of the cold ironing system including the main 
substation building. 
According to the pessimistic scenario, electrical system requirements have been 
assumed as follows; 
 The peak power demand for 95% of the ships:        4000 kW 
 The vessels that are to be connected have a power factor:      0.8 to 0.85  
 An apparent power is obtained for each vessel:       4000/0.8 = 5 000 kVA  
 Total power demand for 3 berths:               3 x 5000 kVA = 15 MVA  
Of all container ships that were enrolled in the study;  
 System frequency of 50 Hz on-board container ships:              15% 
 System frequency of 60 Hz on-board container ships:             85% 
 Ships with 60 Hz can visit all berths simultaneously:  3 x frequency converter 
 3 frequency converters need power:       3 x 5MVA transformers  
Even if 2 berths are enough to ships calls with 50 Hz, it should be assumed that half 
of the berth can be visited by ships have 50 Hz electrical system just in case; 
 Thus, for 50 Hz ships can demand power      2 x 5MVA transformers 
 In total necessary transformers power:        5 x 5MVA = 25 MVA 
 Shore-side transformer station includes:                       Switchgear and breaker  
Transformer           (7.5 MVA)                                                                                  
3 Connection boxes for 3 berth 
 Finally, connection arrangement:         4.5 km x 24 kV underground cables 
       3.5 km x 6.6 kV underground cables 
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According to the assumption model of the pessimistic scenario, the costs for the 
project of instalment of the cold ironing system in the Marport Container Terminal 
have been tabulated in Table 7.22. 
Table 7.22 Project calculation for Marport in Pessimistic Scenario (€) 
PROJECT COST CALCULATION-2 (€) 
Main Item Subs items Number Unite price 
Marport 
Share 
Total 
Main 
Substation 
Building 
Frequency 
converters             
(5 MVA) 
3 975,000 100% 2,925,000 
Switch gear and 
breakers, 
- 220,000 100% 220,000 
Transformers            
(5 MVA) 
5 100,000 100% 500,000 
Control and 
protection relays 
- 450,000 100% 450,000 
SUM 4,095,000 
Shore-side 
transformer 
station and 
connection 
arrangement 
Switchgear and 
breaker 
1 85,000 100% 85,000 
Transformer           
(7.5 MVA) 
1 220,000 100% 220,000 
Connection boxes 3 25,333 100% 75,000 
SUM (ONE BERTH) 380,000 
FOR THREE BERTHS (x3) 1,140,000 
Cables 
Underground 
cables (24 kV) 
4,5 
19,571 
€/km 
100% 88,070 
Underground 
cables (6.6 kV) 
3,5 
19,500 
€/km 
100% 68,250 
SUM 156,320 
TOTAL COST 5,391,320 
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7.6. Investment Analysis of Cold Ironing System for Marport 
Based on the case study of Marport, return of investment cost for the cold ironing 
system has been analysed to set a common model for all Turkish ports in accordance 
with the main objective of this study. This model can be used in similar container 
terminals in Turkey.  
Investment analysing methods have been discussed in the Appendix-D with details 
and comparisons. According to Appendix-D, the Net Present Value (NPV) method 
has been found a better technique than others. Hence, the NPV method has been 
selected to make an analysis on the investment for the cold ironing system 
considered to be installed in the Marport Container Terminal for the purpose of this 
study.   
7.6.1. Creating NPV Model to Analyse Cold Ironing Investment 
In principle, to be able to create an NPV model, some sine qua non variables must be 
estimated such as inflation rates for discount rates and future price of specific 
commodities according to investment type. 
In the context of aims of the study, to make an investment analysis of the cold 
ironing system on account of port management, future price of electricity will be 
used as an alternative energy to low sulphur MGO. For this reason, the future price 
of the MGO should be estimated in order to find annual profits by comparing them 
with each other. So, the NPV model will contain future prices of MGO and 
electricity, and also one US inflation rate is going to be used as discount rate because 
of the currency of capital assets which are calculated in USD.  
7.6.1.1.Inflation Rates Forecast 
Before applying the NPV formula, US inflation rates should be considered in order 
to calculate “r” discount rate because of the money value in the context of this study. 
All calculations have been made in the currency of USD. The graph of US inflation 
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rates in Figure 7.9 displays annual rates from 2003-2013. Rates of inflation are 
calculated using the Current Consumer Price Index published monthly by the Bureau 
of Labor Statistics (BLS). Monthly data (12-month based) have been used in Figure 
7.9.  
According to Figure 7.9, US inflation rates which are retrieved from the U.S. Bureau 
of Labor Statistics, discount rate (“r” of NPV formula) has been assumed as being 
4% for each year during the lifespan of investment. 
 
Figure 7.9 U.S. inflation rates by years 
Source: www.bls.gov, 2013 
7.6.1.2.Future Price of LS MGO  
Marine gas oil which contains 0.1% or less and consumed by ships are very limited 
in the world within the long term perspective. This makes it the most expensive 
product from other types of fuel oils.  
In the literature review, the best future assumption model of energy sources can be 
found in a study accomplished by the U.S. Energy Information Administration 
(EIA). Every year EIA regularly publishes the report of “Annual Energy Outlook”. 
The final report consists of energy sources data for 2013 with Projections to 2040. 
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Basically, the report has a projection up to 2040 for the world petroleum supply. This 
projection can be expressed in three different scenarios; one is if the market price is 
low, how many barrels will be produced; the other one depends on if the market 
price is high, and the last one, namely reference, is the mix of two other scenarios.    
According to this report, even if the market price is low, the amount of oil production 
will continue to rise. Details of the projection can be seen in Figure 7.10. 
 
Figure 7.10 World petroleum and other liquids supply in three cases, 1990-2040 
(million barrels per day) 
Source: EIA, 2013 
How does the rise in the amount of petroleum products affect the market price? This 
is another important question for the purpose of this study, because without future 
assumption of oil prices, especially low sulphur diesel oil, a smooth NPV model 
could not be created.  Therefore, to review the Figure 7.11 in which the future oil 
price is illustrated by EIA will assist in understanding clearly the future oil prices and 
in building a rational NPV model. According to the finding in the report,“Annual 
Energy Outlook 2013, EAI”, for the transportation modes, the annual growth rate of 
diesel oil distillate prices are estimated 2.9 % for the years between 2011-2040. 
Detail of this rate can be seen Appendix-E of the study.   
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Figure 7.11 Annual average spot price for Brent crude oil in three cases, 1990-2040 
(2011 dollars per barrel) 
Source: EIA, 2013 
7.6.1.3.Future Price of Electricity  
Ozan Korkmaz has submitted a paper, namely “Long Term Electricity Price 
Predictions for Turkey Between 2013 and 2030” in the 19th International Energy and 
Environmental Technology Systems Fair and Conference (ICCI 2013) on behalf of A 
Plus Energy Co. This paper aims to explain how the simulation model for the long 
term electricity price assumption was built and worked. The simulation model has a 
unique algorithm which is based on major parameters as follows (Korkmaz, 2013):  
 GDP growth 
 Impact of energy efficiency investments 
 Hydrologic circularity and seasonality 
 Meteorology 
 Availability of plants 
 Impacts of privatizations on investments 
 New power plant investments 
 Petrol, coal and natural gas prices 
 Carbon market developments 
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According to the simulation model, the annual total electricity demand forecast based 
on the GDP scenario and how this demand will be supplied are shown in Figure 7.12. 
 
Figure 7.12 Electricity supply according to planned and currently working power 
plants by years. 
Source: Korkmaz, 2013 
 
The result of this study can be summarized by using a time bar graph as in the 
following Figure 7.13.  
 
Figure 7.13 Forecast on electricity price in Turkey by years. 
Source: Korkmaz, 2013 
 
In conclusion, the annual growth rate of the electricity price has been considered 2%. 
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7.6.1.4.Assumptions 
For the purpose of this study, to be able to create a rational NPV model, the required 
assumptions are summarized in Table 7.23. 
Table 7.23 Summary of Assumptions for Net Present value method 
SUMMARY OF ASSUMPTIONS FOR NPV 
Time Period of Investment 
Year of starting  2013 
Depreciation years 10 
Financial Estimations 
Oil Price Growing Rate (under the currency of USD) 2.9% 
Electricity Price Growing Rate (under the currency of USD) 2.0% 
Discount Rate (US Inflation Rate) 4.0% 
EURO/USD exchange rate 1.35 
SHIP CALLS are considered same with 2012 figures and fix for next years 
Calculation of cash flow as income (system usage rate 100%) 
cost of LS MGO as reference value (2012) $ 4,898,295 
cost of electricity as reference value (2012) $ 3,206,465 
reference income by selling electricity in same price of MGO for 
one year If all ships used cold ironing system (2012) 
$ 1,691,831 
Initial capital cost of investment by Optimistic Scenario 
EUR->USD € 4,227,320 $ 5,706,882 
Initial capital cost of investment by Pessimistic Scenario 
EUR->USD € 5,391,320 $ 7,278,282 
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7.6.2. Results of NPV Model 
For the purpose of the study the results of the NPV model have been divided into two 
parts. One is based on the optimistic scenario where the instalment costs of the main 
substation building, which is the major capital asset of the investment of the cold 
ironing system is considered to be shared by 3 container terminal operators as 
stakeholders of the Ambarli Port Complex, and the other is based on the pessimistic 
scenario where the Marport alone will pay the instalment cost of the main substation 
building. 
7.6.2.1.Based on Optimistic Scenario 
According to the Optimistic Scenario the basic result of the NPV analysis is reflected 
in Table 7.24 by considering all container ships at port preferred the cold ironing 
system fully rather than LS MGO. 
Table 7.24 NPV results according to the Optimistic Scenario based on 100% system 
usage. 
Year 2013 2014 2015 2016 2017 
Cost of MGO 5.040.346 5.186.516 5.336.925 5.491.696 5.650.955 
Cost of 
Electricity 
3.270.594 3.336.006 3.402.726 3.470.781 3.540.196 
Income 1.769.752 1.850.510 1.934.199 2.020.915 2.110.759 
 
Depreciation year 0 year 1 year 2 year 3 year 4 
Discount 100% 96% 92% 89% 85% 
 
 
1.850.510 1.934.199 2.020.915 2.110.759 
Cash Flow 
 
1.779.337 1.788.276 1.796.586 1.804.285 
Capital 
Asset 
(5.706.882) (3.927.545) (2.139.270) (342.684) 1.461.602 
 
This table would be the best case in the optimistic scenario; however, it seems 
impossible because of the lack of necessary electrical modifications in all container 
ships. Thus, putting some percentage value into the model on the usage rate of the 
cold ironing system by ships can make the model more rational.  
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From this perspective, the following results have been calculated by considering 
what would happen if the cold ironing system usage rate were different.  
 If assumed that all ships (100%) use the cold ironing system from the 
beginning of the investment, the capital cost of the investment will be 
compensated after 3 years according to Table 7.24 (see also Appendix-F, 
Optimistic Scenario-1). 
 
 If assumed that the initial usage rate of the cold ironing system is 10 % in the 
beginning, and the rate increases by 10% each year, then investment capital 
cost can be compensated after 7 years (see Appendix-F,   Optimistic 
Scenario-2). 
 
 If assumed that the initial usage rate of the cold ironing system is 15 % in the 
beginning, and the rate increases by 15% each year, then investment capital 
cost can be compensated after 6 years (see Appendix-F,   Optimistic 
Scenario-3). 
 
 If assumed that the initial usage rate of cold ironing system is 20 % in the 
beginning, and the rate increases by 20% each year, then investment capital 
cost can be compensated after 5 year (see Appendix-F,   Optimistic 
Scenario-4). 
 
 If assumed that the initial usage rate of the cold ironing system is 25 % in the 
beginning, and the rate increases by 25% each year, then investment capital 
cost can be compensated after 4 years (see Appendix-F,   Optimistic 
Scenario-5). 
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7.6.2.2.Based on Pessimistic Scenario 
According to the Pessimistic Scenario the basic result of the NPV analysis is 
reflected in Table 7.25 by considering all container ships at port preferred the cold 
ironing system fully rather than LS MGO. 
Table 7.25 NPV result according to the Pessimistic Scenario based on 100% system 
usage  
Year 2013 2014 2015 2016 2017 
2018 
Cost of MGO 5.040.346 5.186.516 5.336.925 5.491.696 5.650.955 5.814.833 
Cost of 
Electricity 
3.270.594 3.336.006 3.402.726 3.470.781 3.540.196 3.611.000 
Income 1.769.752 1.850.510 1.934.199 2.020.915 2.110.759 2.203.832 
 
Depreciation year 0 year 1 year 2 year 3 year 4 year 5 
Discount 100% 96% 92% 89% 85% 82% 
 
 
1.850.510 1.934.199 2.020.915 2.110.759 2.203.832 
Cash Flow 
 
1.779.337 1.788.276 1.796.586 1.804.285 1.811.390 
Capital Asset (7.278.282) (5.498.945) (3.710.670) (1.914.084) (109.798) 1.701.591 
 
This table would be the best case in the pessimistic scenario; however, it seems 
impossible because of the lack of necessary electrical modifications in all container 
ships. Thus, putting some percentage value into the model on the usage rate of the 
cold ironing system by ships can make the model more rational.  
From this perspective, the following results have been calculated by considering 
what would happen if the cold ironing system usage rates were different. 
 If assumed that all ships (100%) use the cold ironing system from the 
beginning of the investment, the capital cost of investment will be 
compensated after 4 years later according to Table 7.25 (see also Appendix-
F, Pessimistic Scenario-1). 
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 If assumed that the initial usage rate of the cold ironing system is 10 % in the 
beginning, and the rate increases by 10% each year, then investment capital 
cost can be compensated after 8 years (see Appendix-F, Pessimistic 
Scenario-2). 
 
 If assumed that the initial usage rate of the cold ironing system is 15 % in the 
beginning, and the rate increases by 15% each year, then investment capital 
cost can be compensated after 6 years (see Appendix-F, Pessimistic 
Scenario-3). 
 
 If assumed that the initial usage rate of the cold ironing system is 20 % in the 
beginning, and the rate increases by 20% each year, then investment capital 
cost can be compensated after 6 years (see Appendix-F, Pessimistic 
Scenario-4). 
 
 If assumed that the initial usage rate of the cold ironing system is 25 % in the 
beginning, and the rate increases by 25% each year, then investment capital 
cost can be compensated after 5 years (see Appendix-F, Pessimistic 
Scenario-5). 
 
All calculation steps of the NPV model can be found in Appendix-F. 
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VIII. CONCLUSIONS 
 
In the modern world, not only ship operators but also port operators should canalize 
to alternative solutions for reduction of emissions from ships because of the strict 
restrictions taken by IMO, EU and other countries on emission limits of air pollutants 
which seriously damage human health, the environment, agriculture and ecosystems, 
as well as greenhouse gases which cause adverse climate change. 
With regard to port facilities in Turkey, all ships at berth, regardless of their flag, 
should consume marine fuels with sulphur content not more than 0.1% by mass, 
since 1
st
 January of 2012 according to rules of current legislation namely “Regulation 
on Reduction of Sulphur Rate in Some Types of Fuel Oils”  
Therefore, businesses in the maritime sector globally have to invest in necessary 
infrastructures to reduce ship emissions. There is no doubt the most effective and 
economic alternative will be preferred while building the infrastructures. To find 
which method is the most effective and most economic, firstly emissions rates, 
instalment and operating costs should be considered. 
By comparing 18 different studies as shown in Table 6.4, which are academic studies 
and project reports for 0.1% sulphur MGO consumed by auxiliary engines of 
container ships during hotelling periods,  useful reference emission factors have been 
revealed.  
The second IMO GHG 2009 study has defined the seven alternative fuels by 
considering market penetration potential. These fuels are, namely marine distillates, 
heavy fuel oil, LNG, LPG, biodiesel, synthetic diesels and other renewable fuels. In 
addition, ENTEC also examined NOx ans SOx emission abatement technologies. 
Consequently, the cold ironing system has been found as a more environmentally 
friendly technology on emission reduction efficiencies rather than other alternative 
fuels and abatement technologies.  
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On the other hand, external costs regarding expenditures on health problems and air 
quality have been calculated by a European project, namely EXIOPOL in which 
Turkey also is included.  
This study found that if the cold ironing system to provide electricity from the 
national grid to ships is preferred at ports rather than ship fuels, emission rates will 
dramatically reduce in national basis, and it also triggers the external cost factors to 
drop down as shown in Table 8.1 according to EXIOPOL because of the difference 
in emission reduction rates of the generation of a unit electricity from power plants 
and auxiliary engines (LS MGO basis). That is one of the major results of this study, 
which shows a very important advantage of the using of cold ironing system at ports.  
Table 8.1 Advantages of using electricity from the national grid in ships 
Gas      Emission reduction rate         External cost savings per ton  
SO2    21%    € 1,676.75       
NOX    96%    € 7,900.99 
PM    88%    € 378,343.50     
CO    90%    € 68.54   
VOC    97%    € 1,036.64      
CO2    33%    € 8.51        
N2O    86%    € 6549.77     
CH4    76%    € 448.59    
 
With regard to the case study, in the light of the handling capacity given as 1,900,000 
TEU, Marport has worked with 83% BOR for the year 2012. 
The case study of Marport where 170 container ships calling 1860 times in total 
during 2012 has resulted in the following: 
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 377.38 ton air pollutants (SOx, NOx, PM, CO and VOC) and 15,695.17 tons 
greenhouse gases (CO2, N2O and CH4) have been discharged into the 
atmosphere from the ships while hotelling at berth. Thus, in total 16,072.55 
tons of noxious exhaust gases have been spread out over the district of 
Ambarli, the city of Istanbul and the Sea of Marmara. 
Based on calculation values of the EXIOPOL project, 
 Some of these gases which are referred to as air pollutants have not only 
damaged the environment but also human health by causing some diseases 
resulting in deaths such as bronchitis, asthma, and lung cancer in the coasts of 
the Sea of Marmara. Health care and medicine expenses, therefore, have cost 
of USD $ 5,847,432.41. This external cost has been reflected in all Turkish 
people by taxes.  
 Others which are referred to GHGs have damaged to environment and 
climate quality in the atmosphere. The damage cost of GHG has been 
calculated as USD $ 410,292.45 in total.  
 To sum up, emissions from ships while hotelling at berth of Marport just in 
2012 has placed USD $6,257,724.85 extra financial burden on the Turkish 
economy and Turkish people.  
When the Marport actualises the cold ironing system in the port, exhaust emissions 
from ships at berth will be cut sharply because of the non-use of fuel oils in auxiliary 
engines to generate electricity. Therefore, especially in the Ambarli Region and in 
Istanbul City, air pollution will decrease, but air quality will increase. If this case is 
generalised for all ports in Turkey, obviously it makes air quality rise up 
significantly.  Only through the Turkish Straits, every year around 50.000 ships are 
passing from the Mediterranean Sea to the Black Sea or vice versa. These straits are 
surrounded by inhabited areas with nearly 20 million people whose lives are 
endangered. 
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On the other hand, estimated emissions in the covered in the case study are based on 
low sulphur MGO, which contains 0.1% sulphur by mass and is known as the most 
environmentally friendly fuel source from fossil oils. If any other fuel is preferred to 
burn in auxiliary engines, then there is no doubt this noxious exhaust emission 
figures will increase dramatically.  As a result of this study, the success of cold 
ironing system has been revealed as the best alternative emission reduction method 
for the port facilities. 
From the perspective of energy prices, the average price LS MGO/ton has been 
calculated at USD 1010.47 by using daily data from bunkerindex.com for marine oil 
suppliers in Istanbul ports for the year 2012, and also LS MGO/ton price has been 
found USD 995.46 for major ports in the Mediterranean Sea for the year 2000. 
Hence, in this study the LS MGO price is assumed USD 1002.97 on average for the 
year 2012. 
On the other hand, the unit price of electricity has been found as USD 0.15 for 1 
kWh usage of the medium voltage for port facilities in Turkey.  
In accordance with the above figures of energy prices, the cost of LS MGO 
consumed during hotelling periods at berth has been calculated at USD 4,898,95.37 
in total for the ships visiting Marport within 2012 in the case study. However, if 
these ships did not work their auxiliary engines in this period and used electric power 
from the national grids, the total cost of electricity used would be USD 3,204,435.44. 
The balance between MGO and AMP has been USD 1,693,859.93. 
In Turkey, the cost to generate electricity is less than the cost to purchase MGO for 
the same power rates. This reason could promote port operators to invest in cold 
ironing systems, because the balance of these costs will be profit for port operators if 
they provide shore-side electricity to ships. This profit will cover the capital cost of 
investment for the cold ironing system in a short period.   
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When cold ironing projects in the world are investigated, the approximate instalment 
cost of the cold ironing system can be found roughly to be between USD $1 -7 
Million per berth in container terminals. In Turkey, some of largest technology 
providers of the cold ironing system globally give service to port facilities. These 
companies are ABB, Cavotec, Siemens, SAM Electronics and Schneider Electric. 
In the case study, investment cost for the cold ironing system based on Marport has 
been analysed by using the Net Present Value method in respect of two scenarios: 
Pessimistic and Optimistic. 
According to the optimistic scenario based on the main substation building costs 
(major cost in the project) shared by other container ports in the Ambarli Port 
Complex, the necessary investment cost has been calculated to be USD 5,706,882 for 
the Marport.  This capital cost could be compensated by the system 3 years later in 
the best case or 7 years later in the worst case. 
On the contrary, when the pessimistic scenario is considered, the capital cost has 
been found to be USD 7,278,282 based on the main substation building cost being 
paid fully by Marport. In this case, the capital cost could be compensated by the 
system 4 years later in the best case or 8 years later in the worst case. 
In conclusion, the cold ironing system has resulted in the best alternative method to 
reduce ship emissions at berth rather than LS MGO which is currently used as fuel 
for ship engines, as it is believed that it is the most environmentally friendly fuel.  
Since MGO usage costs are higher than the costs to produce electricity in Turkey, 
payback of investment costs does not take a long time for the port operators. Hence, 
the cold ironing system has been concluded as the most feasible method for the 
Turkish port facilities in context of “green port”. The results of this study might lead 
to future projects or studies of similar subjects about cold ironing systems by the 
Turkish Maritime Authority and/or container port operators in Turkey. 
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APPENDIX-A 
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APPENDIX-B   
External cost values (in Euro2000) per tonne for the EU-27, transport/traffic (EXIOPOL Table A8, March 2010)
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APPENDIX-C  
Raw Data of Container Ships visited Marport in 2012  
NAME 
Total 
Berthing 
Time 
AUX Engine Info 
Max Power of 
Main Engine 
GRT DWT Flag LOA  BEAM 
TEU 
Capacitiy 
ARCANGELO 307,80 720 ps x 900 rpm 8.185,00 15.122,00 18.235,00 TURKEY 166,67 27,20 1.420 
AS MARS 16,25 - 10.010,00 14.241,00 18.400,00 
MARSHALL 
ISLAND 
158.75 24,00 1.128 
AS VENUS 735,85 - 10.010,00 14.241,00 18.400,00 
MARSHALL 
ISLAND 
158.75 24,00 1.128 
ASPENDOS M 93,08 
Aux Model: 3 X SKL 
6VD 36/2 4-2  RPM: 
500  900KW 
4.413,00 6.819,00 7.676,00 TURKEY 122,10 20,10 581 
ATAIR J 73,75 
4x(450/ 230 V with 
538 kVA) 
7.200,00 6.454,00 8.505,00 
ANTIGUA & 
BARBUDA 
132,00 18,00 707 
AURETTE A 198,10 
6 L 23/30 H 
OUTPUT  : 782 kw at 
720 rpm  Continuously 
15.040,00 14.236,00 17.290,00 TURKEY 154,54 24,50 1.199 
AYSE A 363,25 
M.A.N. – B&W 
TYPE  : 7 L 20/27 7 
cylinders 
OUTPUT  : 488 KVA, 
565 KW at 900 rpm, 
Continuously 425 kw,  
440/220 V 
6.418,00 10.282,00 13.046,00 TURKEY 146,66 23,10 1.022 
AYSE NAZ 
BAYRAKTAR 
907,00 11060 KW 14.826,00 15.479,00 21.417,00 TURKEY 156.65 24,70 1.287 
BATURAY 1 474,98 
118kW + 158kW + 75 
kw 
737,00 1.720,00 1.710,00 TURKEY 81,10 12,60 112 
BUXSAILOR 15,17 13125KW 13.125,00 16.282,00 23.200,00 LIBERIA 164.05 24,50 1.684 
CALISTO 3,80 2x1615kva + 1200kva 16.520,00 15.487,00 20.614,00 LIBERIA 167,93 25,30 1.578 
CARLOTTA STAR 73,83 4 x 2250 kva 28.360,00 37.113,00 40017.9 LIBERIA 243.15 32,20 3.430 
CAROLA 250,37 3 x250 kva 9.300,00 11.063,00 14.911,00 
UNITED 
KINGDOM 
157,70 22,80 1.048 
CEYLA K 61,73 3 x 570 kw 10.500,00 9.978,00 12.339,00 TURKEY 149,60 22,70 1.147 
CLAIRE A 344,73 4 x 925 kva 13.280,00 17.687,00 22.178,00 TURKEY 184,00 24,50 1.604 
CONTI 
CARTAGENA 
292,52 
3 x 1472 kva 
(1kva=0,8) 
17.940,00 25.713,00 33.985,00 LIBERIA 208,00 29,80 2.456 
CS STAR 15,67 MAK 6M20\900KW 10.000,00 10.546,00 12.216,00 ISLA OF MAN 149,00 22,70 1.139 
DANIEL A 411,40 
6 L 23/30 H 
   OUTPUT  : 782 kw 
at 720 rpm  
Continuously 
11.060,00 14.193,00 17,25 TURKEY 155,60 24,50 1.208 
DARWIN 21,75 3 x 1780 kw 35.593,00 51.931,00 60.200,00 
UNITED 
KINGDOM 
293.5 32.3 3.124 
DIANE A 556,50 4 x 925 kva 13.280,00 17.687,00 22.178,00 TURKEY 184,00 24,50 1.604 
DS BLUE OCEAN 294,70 
3 pcs  YANMAR  
6N18  ALDV 
7.200,00 7.545,00 8.200,00 LIBERIA 129,62 20,60 698 
EFENDI BABA 47,25 2 x 360 kw 2.100,00 4.984,00 6.905,00 TURKEY 116,19 19,20 545 
ER WILHELMSHAVEN 
AC 
14,67 3 x 2780 kva 21.560,00 27.322,00 34.554,00 LIBERIA 211,94 29,80 2.496 
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ESRA A 484,05 2 x 488 kw 6.418,00 10.282,00 12.784,00 TURKEY 146,66 23,10 1.022 
FRESENA 85,08 3 x 750 kw 16.000,00 16.211,00 20.983,00   168,00 27,40 1.121 
THASOS (ex 
GALLIA)  
135,25 3 x 937,5 kva 16.000,00 25.499,00 34.116,00 LIBERIA 199,93 29,80 2.452 
GITTE 21,50 YOK 8.800,00 9.151,00 9.868,00 MALTA 133,67 22,70 972 
GOZDE 
BAYRAKTAR 
944,17 3 x 800 kW 11.060,00 15.479,00 22.000,00 TURKEY 156,65 24,70 1.286 
HANSA FREYBURG 24,72 3 x 1499 kva 15.785,00 18.334,00 23.453,00 LIBERIA 175,63 27,40 1.400 
HANSA INDIA 40,10 - 24.500,00 37.563,00 43.369,00 LIBERIA 242,80 32,20 3.424 
HELENA SIBUM 21,25 2 x 362 kw 6.300,00 6.701,00 8.238,70 
ANTIGUA & 
BARBUDA 
132,60 19,20 338 
HILDE A 278,52 4x925 11.060,00 17.665,00 22.049,00 TURKEY 183,89 24,50 1.560 
HS MOZART 142,00 
2x2488 kva 2x2125 
kva 
41.040,00 50.243,00 58.486,00 MALTA 282.13 32,20 4.350 
IBN SINA 147,65 3 x 1220 kva 20.510,00 34.454,00 45.470,00 GERMANY 215,97 32,20 3.017 
INDEPENDENT 
CONCEPT 
33,90 
2x1615 kva 1x1200 
kva 
16.520,00 15.345,00 20.993,00 LIBERIA 168,02 25,30 1.574 
IRENES LOGOS 37,57 4 x 2615 kva 13.753,00 18.716,00 23.985,00 PANAMA 194,18 28,00 1.625 
ITAL ORDINE 204,67 4x2187,5 kva 25.270,00 27.779,00 39.345,00 GIBRALTAR 222,15 30,00 2.824 
ITAL ORIENTE 205,50 4x2187,5 kva 25.270,00 27.779,00 39.269,00 LIBERIA 222,13 30,00 2.824 
JANUS 19,42 3 x1515 kva 19.810,00 25.535,00 33.894,00 HONG KONG 199.99 29,80 2.452 
JEAN PIERRE A 366,85 4 x925 kva 13.280,00 17.687,00 22.030,00 TURKEY 184,00 24,50 1.604 
JENNIFER 
RICKMERS 
152,92 4 x 2237,5 kva 41.040,00 54.214,00 68.187,00 LIBERIA 294.06 32,20 5.060 
JASPER S 30,82 3 x 713 kva 9.730,00 9.957,00 13.795,00 
ANTIGUA & 
BARBUDA 
147,84 23,25 1.118 
JORK VALIANT 84,25 3 x 1100 kva 10.010,00 14.241,00 18.425,00 
ANTIGUA & 
BARBUDA 
158,74 24,00 1.129 
KALANA 39,83 - 3.281,00 2.658,00 3.274,00 ESTONIA 90,67 15,80 266 
KARLA A 273,00 
780 KW AT 720 RPM 
countinuously 
11.060,00 14.193,00 17,31 TURKEY 155,60 24,50 1.221 
KING BYRON 89,75 3 x 1300 kva 12.600,00 17.964,00 24.150,00 
MARSHALL 
ISLAND 
182,47 25,20 1.706 
KNIDOS 23,50 750 kw 1.495,00 3.120,00 4.103,00 PANAMA 88,60 15,45 256 
KOMODO 134,08 3 x1280 kw 33.320,00 37.134,00 43.966,00 GREECE 242,81 32,20 2.917 
LADY ELISABETH 128,58 - 11.130,00 14.953,00 20.140,00 LIBERIA 167.21 25,00 1.452 
LEYLA KALKAVAN 26,65 3 x 570 kw 11.217,00 10.308,00 12.450,00 
MARSHALL 
ISLAND 
148,53 22,70 1.155 
LOA 11,08 - 40.044,00 42.382,00 51.845,00 LIBERIA 267,70 32,20 4.043 
LUCIEN G. A. 344,75 3 x 925 kva 11.060,00 14.236,00 17.290,00 TURKEY 154,54 24,50 1.170 
MANARIAS 31,87 4 x 1012 kva 8.580,00 10.457,00 13.988,00 
ANTIGUA & 
BARBUDA 
149,20 23,00 1.177 
MARE SUPERUM 21,67 3 x 1580 kw 36.460,00 40.306,00 52.329,00 
ANTIGUA & 
BARBUDA 
260.65 32,25 3.987 
MARGUERITE A 282,75 4 x 925 kva 11.060,00 17.665,00 22.033,00 TURKEY 184,00 24,50 1.560 
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MARTI 
PROSPERITY 
120,08 4 x 1439 kva 3.630,00 3.958,00 5.356,00 TURKEY 107,98 16,40 423 
MARTINE A 248,25 2 x 1200 kva 10.000,00 10.546,00 12.216,00 TURKEY 149,00 22,70 1.139 
MARY SCHULTE 65,73 3 x1020 kw 16.980,00 20.624,00 25.645,00 LIBERIA 179,70 27,60 1.702 
MATILDE A 171,20 4 x 740 kw 11.060,00 14.106,00 17.145,00 TURKEY 154,56 24,50 1.199 
MICHEL A 44,62 4 x 740 kw 13.280,00 17.687,00 22,01 TURKEY 184,00 24,50 1.604 
MONSUN 224,53 2 x 1200 kva 7.200,00 7.532,00 8.732,00 
ANTIGUA & 
BARBUDA 
127,00 27,40 724 
MSC ACCRA 9,67 3 x 500 kw 12.667,00 22.667,00 33.860,00 LIBERIA 187,60 28,40 1.923 
MSC ADRIANA 12,42 2 x 1500 kva 25.020,00 25.219,00 24.309,00 MALTA 216,00 26,66 1.650 
MSC ALABAMA 355,50 4 x 1687,5 kva 28.350,00 37.518,00 42.966,00 PANAMA 242,80 32,20 3.424 
MSC ALEXA 400,67 4 x 1128 Kw 28.350,00 42.307,00 54.550,00 PANAMA 244,15 32,25 3.475 
MSC ALEXANDRA 320,50 4 x 5120 kva 72.240,00 153.115,00 165.908,00 PANAMA 365,80 51,20 14.000 
MSC AMERICA 9,25 2 x 1150 kva 16.440,00 34.231,00 45.668,00 PANAMA 216,01 32,20 2.680 
MSC BASEL 64,83 2 x 1150 kva 16.440,00 34.231,00 45.696,00 LIBERIA 215.87 32.24 1.322 
MSC BEATRICE 70,00 4 x 3500 kw 72.240,00 151.559,00 162.867,00 PANAMA 366,00 51,20 13.800 
MSC BETTINA 214,75 4 x 3500 kw 72.240,00 151.559,00 162.867,00 PANAMA 366,00 51,20 13.800 
MSC CAITLIN 148,25 2 x 1500 kva 25.020,00 25.219,00 23.487,00 MALTA 216,00 26,66 1.388 
MSC CAROUGE 290,08 4 x 2437,5 kva 39.970,00 50.963,00 63.428,00 GERMANY 275,00 32,20 4.860 
MSC CATANIA 14,17 11015 kw 43.620,00 60.117,00 YOK 
UNITED 
KINGDOM 
299.95 37,10 4.741 
MSC CLORINDA 300,58 4 x 5120 kva 72.240,00 153.115,00 165.959,00 PANAMA 365,50 21,20 14.000 
MSC CORDOBA 426,25 4 x 2437,5 kva 39.970,00 50.963,00 63.581,00 LIBERIA 274,96 32,20 4.860 
MSC CORINNA 63,08 
3 x 1250 kva + 1 x 
1650 kva 
15.631,00 32.703,00 39.947,00 PANAMA 207,00 32,31 2.415 
MSC DANIELA 172,08 4 x 4225 kva 72.240,00 151.559,00 15.60 PANAMA 366,00 51,29 13.798 
MSC EDITH 314,67 2 x 1500 kva 25.020,00 25.219,00 24,31 MALTA 216.00 26,66 1.733 
MSC ELENA 13,17 3 x 880 kw 19.670,00 30.971,00 36,85 PANAMA 202,00 32,20 2.394 
MSC ELOISE 75,08 4 x 2250 kw 27.600,00 37.902,00 44.541,00 PANAMA 240,77 32,20 2.734 
MSC EMANUELA 183,67 4 x 4225 kva 72.240,00 151.559,00 137,606.3 PANAMA 366,00 51,29 13.798 
MSC EQUATOR 1.579,80 3 x 800 kva 11.130,00 14.865,00 20.150,00 LIBERIA 156.71 25.00 1.388 
MSC EVA 174,42 4 x 4225 kva 72.240,00 151.559,00 155,438.1 PANAMA 366,00 51,20 13.798 
MSC FAUSTINA 114,08 2X3800 + 2X 2800KW 65.160,00 140.259,00 YOK LIBERIA 366,00 48,20 12.560 
MSC FILOMENA 50,33 2X3800 + 2X 2800KW 65.160,00 140.259,00 YOK LIBERIA 366,00 48,80 12.560 
MSC FUJI 51,75 3 x 1663 kva 24.300,00 31.730,00 34.700,00 LIBERIA 192,50 32,20 2.760 
MSC GENOVA 107,25 4 x 5120 kva 72.240,00 153.115,00 171.443,00 LIBERIA 365,50 51,20 13.988 
MSC GIORGIA 159,50 3 x 625 kva 11.404,00 22.667,00 33.864,00 PANAMA 187,60 28,40 1.802 
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MSC GIOVANNA 124,00 2 x 1240 kw 13.440,00 27.103,00 29.693,00 PANAMA 177,60 32,20 2.098 
MSC HINA 25,75 5 x 530 kw 15.886,00 21.586,00 21.370,00 PANAMA 230,60 23,40 1.438 
MSC HOGGAR 202,83 3 x 500 kw 5.920,00 8.656,00 11.415,00 TURKEY 137,42 20,80 858 
MSC IRENE 253,58 4 x 4225 kva 72.240,00 151.559,00 137,606.3 PANAMA 366,00 51,29 13.798 
MSC KERRY 86,33 3 x 1143 kw 26.740,00 37.323,00 45'530 PANAMA 239,80 32,26 3.501 
MSC KRITTIKA 183,17 3 x 1000 kva 19.670,00 30.971,00 36.999,00 PANAMA 202,00 32,20 2.395 
MSC LA SPEZIA 240,75 4 x 5120 kva 72.240,00 153.115,00 165977.9 GERMANY 365,82 51,20 13.988 
MSC LARA 42,42 - 17.700,00 28.892,00 41.667,00 PANAMA 202.80 30,60 2.480 
MSC LEA 125,25 2 x 1500 kva 24.000,00 24.836,00 23.825,00 MALTA 217,11 26,66 1.733 
MSC LIVORNO 76,00 4 x 5120 kva 72.240,00 153.115,00 165.918,00 GERMANY 365.50 51,20 14.036 
MSC LUCIANA 31,75 5 x 2630 kW 68.640,00 131.771,00 15.523,00 PANAMA 363,57 45.6 11.668 
MSC LUGANO 170,83 - 23.162,00 35.958,00 42976.4 PANAMA 240,00 YOK 3.032 
MSC MALAGA 315,92 3 x 1472 kva 17.940,00 25.713,00 34.083,00 LIBERIA 208,00 29.80 2.456 
MSC MANU 30,08 
4900 kva + 3 x 2000 
kva 
39.415,00 52.191,00 67.665,00 PANAMA 294,11 32,20 3.937 
MSC MARIA 
LAURA 
221,17 5 x 857 kw 20.976,00 36.389,00 42.513,00 PANAMA 229,01 32,20 2.629 
MSC MARIA PIA 55,25 3 x 1753 kva 23.920,00 29.115,00 40.100,00 MALTA 195.74 32,25 2.808 
MSC MARYLENA 234,65 2 x 1500 kva 25.020,00 25.219,00 23.487,00 MALTA 216.00 26,66 1.388 
MSC MAYA 61,58 2 x YANMAR 21.140,00 35.598,00 42.488,00 PANAMA 242,60 32,20 2.829 
MSC MELATILDE 167,75 4 x 5120 kva 72.240,00 153.092,00 165.477,00 PANAMA 365.50 51.20 13.200 
MSC MIA SUMMER 234,83 2 x 1500 kva 25.020,00 25.219,00 23.487,00 MALTA 216.00 26,66 1.388 
MSC MIRELLA 93,08 2 x 1240 kw 13.440,00 27.103,00 25.904,00 PANAMA 177.6M 32.20 2.106 
MSC NEDERLAND 14,50 3 X 1138 kva 21.700,00 37.071,00 46.600,00 PANAMA 237,00 32.2 2.668 
MSC NICOLE 98,92 4 x 1060 kW   16.465,00 31.430,00 41.787,00 PANAMA 199,06 32,20 2.073 
MSC NILGUN 45,50 3 x 800 kW 19.670,00 30.971,00 42.413,00 PANAMA 202,00 32,20 2.394 
MSC NURIA 219,92 4 x 1900 KW  39.970,00 50.963,00 63.377,00 PANAMA 274,95 32,20 4.860 
MSC PERLE 16,22 3 x 821 KW 11.300,00 17.414,00 25.329,00 PANAMA 166.04 28,50 1.282 
MSC PILAR 80,83 
3 X 2000 kva + 4900 
kva 
42.430,00 52.181,00 67.183,00 PANAMA 294,00 32.2 4.814 
MSC PROVIDER 
(scrap) 
223,42 2 x 1500 kva 12.000,00 24.836,00 18.429,00 
UNITED 
KINGDOM 
217.11 26.66 1.733 
MSC RAPALLO 49,67 4 x 5210 kva 72.240,00 143.521,00 154.538,00 LIBERIA 365.89 48.4 13.050 
MSC RAVENNA 137,83 4 x 5120 kva 72.240,00 153.115,00 166.085,00 LIBERIA 365.5 51,20 14.000 
MSC REBECCA 184,00 4 x 1231 kva 28.350,00 37.579,00 42.954,00 PANAMA 242.81 32,20 3.398 
MSC REGULUS 142,17 4 x 4426,7 kva 72.240,00 141.635,00 140.951,00 PANAMA 366,37 48,20 13.100 
MSC ROSSELLA 13,17 3 x 1236 kva 26.772,00 37.398,00 43.605,00 PANAMA 242,81 32,20 3.398 
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MSC SAMANTHA 24,50 4 x 1775 54.814,00 64.054,00 51.120,00 PANAMA 274,67 40,00 5.551 
MSC SANDRA 429,25 4 x 1325 kva 32.420,00 43.575,00 61.468,00 PANAMA 273,70 32,20 4.340 
MSC SARISKA 26,83 
3 X 2000 kva + 4900 
kva 
42.430,00 52.181,00 67.183,00 PANAMA 294,30 32,22 4.738 
MSC SCOTLAND 
(scrap) 
13,17 3 x 1130 kva 21.700,00 37.071,00 47.120,00 LIBERIA 237,00 32,20 3.007 
HORACE A (ex 
MSC SEBNEM) 
799,02 3 x 570 kw 8.800,00 8.908,00 9.778,00 TURKEY 133.70 22.70 976 
MSC SUKAIYNA 
(scrap) 
34,92 3810 kw 11.633,00 22.746,00 24.515,00 PANAMA 195,70 28,40 1.225 
MSC TAMARA 115,92 4 x 2750 kva 36.560,00 41.225,00 53.335,00 PANAMA 265,00 32,25 4.254 
MSC TANZANIA 88,83 
2 x 1937,5 kva + 1725 
kva 
41.040,00 53.324,00 63.551,00 GERMANY 294,13 32,20 4.844 
MSC TARANTO 52,67 4 x 5120 kva 72.240,00 153.115,00 166.085,00 LIBERIA 365.50  51,20 14.000 
MSC UKRAINE 
(scrap) 
70,33 3 X 1000 KW 16.260,00 30.824,00 26.132,00 LIBERIA 202.45 31,04 1.939 
MSC ULSAN 25,42 
2 X 2494 kva + 2 x 
1688 kva 
36.450,00 40.108,00 52.785,00 HONG KONG 258.00 32,25 3.900 
MSC URUGUAY 184,23 3 x 1735 kva 23.920,00 29.115,00 40.086,00 
ANTIGUA & 
BARBUDA 
196.00 32,25 2.808 
MSC VENEZUELA 
(scrap) 
64,42 - 35.500,00 51.931,00 60.348,00 BRITISH 293,50 32,30 4.507 
NATALIA A 417,58 2 x 950 kw 10.000,00 10.546,00 12.184,00 TURKEY 149,00 22,70 1.139 
NEVZAT 
KALKAVAN 
247,50 3 x 750 kw 15.820,00 21.092,00 26.645,00 TURKEY 183,00 28,00 1.849 
OCEAN 
PROTECTOR 
122,75 - 17.950,00 28.892,00 41.624,00 HONG KONG 202,80 30,60 2.386 
OLIVIA 6,65 3 x 1030 kva 11.130,00 14.936,00 20.416,00 MALTA 167,07 25,00 1.388 
OS BODRUM 13,83 4 x 200 kva 6.300,00 7.814,00 8.861,00 
ANTIGUA & 
BARBUDA 
118,00 20,50 812 
PARIS JR 47,17 - 10.100,00 14.241,00 18.423,00 MALTA 158.75 24,00 1.129 
PCE MADEIRA 47,05 - 12.440,00 16.927,00 21.141,00 MALTA 168,00 27,20 1.576 
PIONEER LAKE 109,80 2 x 1155 kva 8.400,00 9.990,00 11.188,00 LIBERIA 134,44 22,50 862 
REECON EMIR 11,17 3 x 975 kw 9.400,00 10.796,00 12.513,00 
MARSHALL 
ISLAND 
141,50 22,60 1.022 
ROZA A 347,67 3 X 560 KW 9.698,00 15.120,00 19.325,00 TURKEY 168,77 27,30 1.445 
SADAN 
BAYRAKTAR 
18,75 3 x 400 kw 5.274,00 5.886,00 8.080,00 TURKEY 116,70 18,40 600 
SAN VICENTE 149,92 - 12.355,00 15.778,00 20.359,00 LIBERIA 166.62 27,40 1.512 
SANTA GIOVANNA 47,58 2 x 900 kva 12.240,00 21.531,00 30.200,00 GERMANY 182.02 29,80 2.061 
SANTA GIULIANA 47,75 2 x 900 kva 12.240,00 21.531,00 30.095,00 LIBERIA 181.92 29,80 2.061 
SCI PRIDE (scrap) 49,13 - 21.390,00 41.786,00 38.631,00 GREECE 248,10 32,30 3.114 
SEA PIONEER 67,07 3 x 808 kva 9.600,00 9.910,00 14.003,00 MALTA 148,00 23,25 1.100 
SENA KALKAVAN 69,68 3 x 570 kw 10.500,00 10.308,00 12.700,00 
MARSHALL 
ISLAND 
149,00 22,70 1.134 
SIMIN (scrap) 64,33 900 kw 4.412,00 6.819,00 7.676,00 TURKEY 122,00 22,00 440 
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SUJIN (scrap) 138,40 - 8.800,00 10.396,00 12.854,00 MALTA 147,00 24,00 620 
TIGER SEA 73,92 - 4.026,00 5.450,00 6.581,00 PANAMA 113,65 19,26 444 
MUKADDES 
KALKAVAN (ex 
TIMUCIN A) 
265,47 3 x 740 kw 13.280,00 21.092,00 26.811,00 
MARSHALL 
ISLAND 
183,00 28,00 1.880 
TOMRIZ A 320,08 3 X 560 KW 9.698,00 15.120,00 19.375,00 TURKEY 168,77 27,30 1.445 
UNI-ASSURE 22,95 5 x 4500 kva 10.914,00 14.807,00 15.511,00 PANAMA 165,00 27,10 1.164 
UNI-PHOENIX 67,92 5 x 4500 kva 10.914,00 17.887,00 19.308,00 PANAMA 181,76 28,00 1.618 
VALENTINA 33,75 4 x 1285 kva 16.980,00 17.360,00 22.263,00 
MARSHALL 
ISLAND 
178,57 27,60 1.875 
VENTO DI BORA 405,77 4 x 740 kw 11.060,00 14.193,00 16.991,00 TURKEY 155,60 24,50 1.221 
COAST (ex VENTO 
DI GRECALE) 
22,28 3 x 675 kva 13.320,00 16.264,00 22.330,00 MALTA 179,23 25,52 1.684 
WARNOV BELUGA 
(ex VENTO DI 
MAESTRALE) 
71,17 3 x 2000 kva 11.200,00 15.364,00 18.444,00 
ANTIGUA & 
BARBUDA 
166,17 25,00 1.284 
VENTO DI 
NORTADA  (ex 
WANDA A) 
527,15 4 x 740 kw 13.280,00 17.687,00 22.395,00 TURKEY 184,00 24,50 1.604 
VENTO DI 
TRAMONTANA 
21,95 3 x 1130 kva 11.130,00 14.936,00 20.100,00 MALTA 167,24 25,00 1.388 
VOLOS 311,02 1175 kva 6.418,00 10.282,00 13.310,00 MALTA 146,68 23,10 1.022 
WARNOW 
PORPOISE 
76,13 3 x 2000 kva 11.200,00 15.334,00 18.464,00 
ANTIGUA & 
BARBUDA 
166,15 25,00 1.284 
YIGITCAN A 341,65 3 x 740 kw 11.060,00 14.193,00 17.254,00 TURKEY 155,60 24,50 1.208 
YM INCEPTION 254,92 3 x 1360 kw 15.805,00 16.488,00 22.027,00 LIBERIA 172,70 27,35 1.800 
YM INCREMENT 263,52 3 x 1360 kw 15.805,00 16.488,00 22.027,00 LIBERIA 172,70 27,35 1.800 
MERVE (ex YUNUS)  7,58 3 x 212 kw 1.692,00 2.874,00 3.181,00 
VINCENT 
GRENADINES 
91,00 14,70 256 
TOTAL 28.255,66   3.967.076,00 6.336.872,00 5.773.130,43       558.701,00 
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APPENDIX-D 
INVESTMENT ANALYSIS 
The dictionary meaning of investment can be explained as follows:  
“the act of putting money, effort, time, etc. into something to make a profit or 
get an advantage, or the money, effort, time, etc. used to do Stocks are 
regarded as good long-term investments.”(Cambridge Dictionary, 2013) 
Gareth D. Myles has made a fundamental definition of the investment analysis in his 
book as below; 
“Investment analysis is the study of financial securities for the purpose of 
successful investing.” (Myles, 2003) 
According to above definition, some important points come into prominence such as 
financial securities which mean how to trade and what assets there are for trading, 
and analytical issues which represent the calculation of risks and returns, and their 
relationship with each other. In addition to that, successful investing is to lead 
investors how to succeed in trade, and which investment strategies have to be chosen 
in order to be successful.  
As a result, investment analysis depends on financial theories. These theories are 
expressed by calculation methods and techniques. Most commonly used techniques 
and methods for investment analysis are Payback Period (PP), Return On Investment 
(ROI), Internal Rate of Return (IRR) and Net Present Value (NPV), which are also 
known as traditional techniques and developed to make investment decision for the 
investors by considering the value of money within the years and evaluating the time 
for return of the capital assets. This is because investors do not only put large 
amounts of money as capital to make profit in the long-term, but also they have 
crucial financial risk on loss of money. 
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A. Traditional Techniques for Investment Analysis  
From the perspective of risks and capital assets, investment analysis techniques 
which are the key elements to make investment decision will be explained briefly for 
the purpose of this study. 
i. Payback Period 
The Payback Period technique (PP) has been defined as the necessary time period to 
compensate for the initial capital assets by using the cash flow which is produced by 
the investment (Milis, Snoeck and Haesen, 2006).  
Since investments are evaluated according to the period required to compensate the 
initial capital assets, investments with fast payback are always favoured by the 
companies. Thus, companies can easily deal with approving too many short-lived 
projects and refuse too many long-lived ones by using the PP technique. 
However, in this technique the time value of money is ignored. Thus, financial risks 
could not be evaluated as rational. Therefore, major investment decisions should not 
be based solely on the results of PP calculations.  
Formula of the PP (Brigham & Houston, 2007); 
 
 
 
 
 
ii. Return on Investment 
Return On Investment (ROI) has been defined as the ratio between the annual 
earnings and the capital assets for investment (Millis et al, 2006).  
PP = 
Number of 
years prior to 
full recovery 
+ 
Unrecovered cost at 
start of year 
Cash flow during 
full recovery year 
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ROI is more useful technique rather than PP because here, all lifespan of the 
investment is considered. However, like PP, the time value of money is not taken 
into account. Risk can be entered into the assessment when dealing with special 
projects.  
ROI is formulated as below (Silber, 2002); 
ROI = 
Benefits - Cost 
Cost 
 
iii. Internal Rate of Return 
The Internal Rate of Return (IRR) has been defined as the discount rate that forces 
the project’s net present value to equal zero (Brigham & Houston, 2007). In this 
technique the present value of the capital assets in-flows are equal to the present 
value of the money out-flows (Milis et al, 2006). 
Differently from the previous techniques mentioned above, with IRR the time value 
of money is taken into consideration by performing a discount factor. This is an 
essential progression and a reason why IRR is a more useful technique today.  
Nevertheless, IRR has some negative sides (Milis et al, 2006):  
 IRR calculation is resulted as a percentage. Therefore it is hard to compare 
services regarding size and outcome.  
 If the IRR differs substantially from the cost of capital, it will become 
difficult to compare investments with a different time pattern.  
 When this technique is used as a selection tool for mutual exclusive services, 
risks are not accounted for. It lacks the possibility of entering risk-levels into 
the selection. This is a major disadvantage when used in a service where 
levels of future use are often highly uncertain. 
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Since IRR is defined as a variable wherein NPV formula when NPV is equal to zero, 
the IRR formula can be shown as follows; 
     
  
        
   
 
   
 
Where; 
n is project life, 
Ai is net cash flow at the end of the year i. 
 
iv. Net Present Value 
The Net Present Value (NPV) is another technique to analyse investments by using a 
discount rate. This technique, in principle, calculates the present value of the capital 
assets and money flows. Unlike IRR, different rates could be applied to show the 
risk-levels of mutual exclusive investments. The NPV technique is considered as 
being theoretically superior to the IRR technique, and NPV can be found as follows 
(Milis et al, 2006): 
1. Find the present value of each cash flow, including the cost, discounted at the 
project’s cost of capital. 
2. The sum of these discounted cash flows is defined as the project’s NPV. 
In addition, NPV is expressed in the formula below (Brigham & Houston, 2007); 
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Where; 
n is project life, 
Ai is net cash flow at the end of the year i. 
r is discount rate, 
C is initial capital expenditure. 
Here, discount rate means the hurdle rate or required rate of return, which is the rate 
that a project must achieve in order to be accepted rather than rejected. Table 
Apx.D.1 reflects the features of these techniques in general.  
Table Apx.D.1 Overview of the traditional techniques of investment analysis 
 PP ROI IRR NPV 
Considering full lifespan of the investment x       
Considering the time value of money x x     
Containing risk-levels in the feasibility 
evaluation 
x       
Containing risk-levels in the selection of 
mutual exclusive projects 
x x x   
 
After discussing features of these techniques, since the NPV method is better than 
the IRR in many respects, the NPV method has been selected to make an analysis on 
investment for the cold ironing system considered to be installed in Marport 
Container Terminal for the purpose of this study.   
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APPENDIX-E 
 
Annual Energy Outlook 2013 with Projections to 2040, U.S. Energy Information 
Administration (EIA). 
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APPENDIX-F 
Results of Net Present Value Method for the Project with Optimistic and Pessimistic Scenarios 
 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 
New Total Oil 
Price (USD) 
5.040.346 5.186.516 5.336.925 5.491.696 5.650.955 5.814.833 5.983.463 6.156.983 6.335.536 6.519.266 6.708.325 
New Total 
Electricity Price 
(USD) 
3.270.594 3.336.006 3.402.726 3.470.781 3.540.196 3.611.000 3.683.220 3.756.885 3.832.022 3.908.663 3.986.836 
Total Net Profit 
(USD) 
1.769.752 1.850.510 1.934.199 2.020.915 2.110.759 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
 
           
OPTIMISTIC SCENERIO – 1  
Assumed that the all ships (100%) use cold ironing system from the beginning. 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
1.850.510 1.934.199 2.020.915 2.110.759 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
1.779.337 1.788.276 1.796.586 1.804.285 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(5.706.882) (3.927.545) (2.139.270) (342.684) 1.461.602 3.272.991 5.090.907 6.914.784 8.744.077 10.578.252 12.416.793 
 
           
OPTIMISTIC SCENERIO – 2 
Assumed that the first rate of ships which use cold ironing system is 10 %  in the beginning, and the rate increase by 10% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
185.051 386.840 606.275 844.303 1.101.916 1.380.146 1.680.069 2.002.811 2.349.543 2.721.489 
Net Profit (with 
Discount)  
177.934 357.655 538.976 721.714 905.695 1.090.749 1.276.714 1.463.434 1.650.758 1.838.540 
Investment 
Return 
(5.706.882) (5.528.948) (5.171.293) (4.632.317) (3.910.603) (3.004.908) (1.914.159) (637.445) 825.989 2.476.747 4.315.288 
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OPTIMISTIC SCENERIO – 3 
Assumed that the first rate of ships which use cold ironing system is 15 %  in the beginning, and the rate increase by 15% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
277.577 580.260 909.412 1.266.455 1.652.874 2.070.218 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
266.900 536.483 808.464 1.082.571 1.358.542 1.636.124 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(5.706.882) (5.439.982) (4.903.499) (4.095.035) (3.012.464) (1.653.922) (17.798) 1.806.080 3.635.373 5.469.548 7.308.088 
 
           
OPTIMISTIC SCENERIO – 4 
Assumed that the first rate of ships which use cold ironing system is 20 %  in the beginning, and the rate increase by 20% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
370.102 773.680 1.212.549 1.688.607 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
355.867 715.310 1.077.952 1.443.428 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(5.706.882) (5.351.015) (4.635.704) (3.557.753) (2.114.324) (302.935) 1.514.980 3.338.858 5.168.151 7.002.326 8.840.867 
 
           
OPTIMISTIC SCENERIO – 5 
Assumed that the first rate of ships which use cold ironing system is 25 %  in the beginning, and the rate increase by 25% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
462.628 967.099 1.515.686 2.110.759 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
444.834 894.138 1.347.440 1.804.285 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(5.706.882) (5.262.048) (4.367.910) (3.020.470) (1.216.185) 595.205 2.413.120 4.236.998 6.066.290 7.900.466 9.739.006 
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PESSIMISTIC  SCENERIO – 1 
Assumed that the all ships use cold ironing system from the beginning. 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
1.850.510 1.934.199 2.020.915 2.110.759 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
1.779.337 1.788.276 1.796.586 1.804.285 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(7.278.282) (5.498.945) (3.710.670) (1.914.084) (109.798) 1.701.591 3.519.507 5.343.384 7.172.677 9.006.852 10.845.393 
 
           
PESSIMISTIC  SCENERIO – 2 
Assumed that the first rate of ships which use cold ironing system is 10 %  in the beginning, and the rate increase by 10% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
185.051 386.840 606.275 844.303 1.101.916 1.380.146 1.680.069 2.002.811 2.349.543 2.721.489 
Net Profit (with 
Discount)  
177.934 357.655 538.976 721.714 905.695 1.090.749 1.276.714 1.463.434 1.650.758 1.838.540 
Investment 
Return 
(7.278.282) (7.100.348) (6.742.693) (6.203.717) (5.482.003) (4.576.308) (3.485.559) (2.208.845) (745.411) 905.347 2.743.888 
 
           
PESSIMISTIC  SCENERIO – 3 
Assumed that the first rate of ships which use cold ironing system is 15 %  in the beginning, and the rate increase by 15% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
277.577 580.260 909.412 1.266.455 1.652.874 2.070.218 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
266.900 536.483 808.464 1.082.571 1.358.542 1.636.124 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(7.278.282) (7.011.382) (6.474.899) (5.666.435) (4.583.864) (3.225.322) (1.589.198) 234.680 2.063.973 3.898.148 5.736.688 
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PESSIMISTIC  SCENERIO – 4 
Assumed that the first rate of ships which use cold ironing system is 20 %  in the beginning, and the rate increase by 20% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
370.102 773.680 1.212.549 1.688.607 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
355.867 715.310 1.077.952 1.443.428 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(7.278.282) (6.922.415) (6.207.104) (5.129.153) (3.685.724) (1.874.335) (56.420) 1.767.458 3.596.751 5.430.926 7.269.467 
 
           
PESSIMISTIC  SCENERIO – 5 
Assumed that the first rate of ships which use cold ironing system is 25 %  in the beginning, and the rate increase by 25% each year 
USD year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 
Discount Rate 100% 96% 92% 89% 85% 82% 79% 76% 73% 70% 68% 
Net Profit 
(without 
Discount) 
 
462.628 967.099 1.515.686 2.110.759 2.203.832 2.300.243 2.400.099 2.503.513 2.610.604 2.721.489 
Net Profit (with 
Discount)  
444.834 894.138 1.347.440 1.804.285 1.811.390 1.817.915 1.823.878 1.829.293 1.834.175 1.838.540 
Investment 
Return 
(7.278.282) (6.833.448) (5.939.310) (4.591.870) (2.787.585) (976.195) 841.720 2.665.598 4.494.890 6.329.066 8.167.606 
 
 
 
